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SECTION 210000

FIRE PROTECTION

PART 1 - GENERAL

1.1

1.2

A.

GENERAL PROVISIONS

Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections within
DIVISION 01 — GENERAL REQUIREMENTS, which are hereby made a part of this Section of
the Specifications.

Refer to Section 012300, ALTERNATES, for alternates which may affect the work of this
Section.

When open-flame or spark producing tools such as blower torches, welding equipment, and
the like are required in the process of executing the work, the General Contractor shall be
notified not less than twenty four hours in advance of the time that the work is to begin and the
location where work is to be performed. Provide fire protective covering and maintain constant
non-working fire watch through the Longmeadow Fire Department where work is being
performed and until it is completed.

DESCRIPTION OF WORK

Provide all labor, materials, equipment, services and accessories necessary to Design,
Furnish and Install the work of this Section, complete and functional, as indicated in the
Contract Documents and as specified herein. The Design shall conform to the documents and
shall be subject to approval by the Architect.

Without limiting the generality thereof, the work to be performed under this Section includes:

1. Fire Service to 10’ outside building and/or as shown on the drawings.

A hydraulically designed combination automatic sprinkler system to provide 100%
protection for the new and existing building as noted on the Drawings. Refer to Fire
Protection Criteria on the Drawings. Prepare Working Drawings for approval of the
Architect, the local authority having jurisdiction, and the owner's insurance company
under stamp of an independent Registered Massachusetts Professional Fire
Protection Engineer.

Backflow Control Device

Fire Department Connections.

Pipe and Fittings

Valves

Hangers

Sprinkler Heads

Furnishing and installation of Supervisory Switches and Controls

Systems Identification

Flushing and Testing of the interior system as provided herein. Coordinate, witness,
and certify the flushing and testing of the exterior system and submit certificates. The
exterior installation is provided in Division 33.

Drilling, Coring, Cutting & Patching of holes and openings (where the largest
dimension thereof does not exceed 12 inches), for Fire Protection Piping and
Equipment. All such holes require sleeves.

2, 200N O~ W
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1.3

1.4

13.

Scaffolding, Rigging, and Staging required for all Fire Protection Work. Comply with
Division 01 requirements.

14. Provide Seismic Restraints for all Fire Protection Systems conforming to the
requirements of Section 230548 which Section is herein incorporated by reference as
work of the Fire Protection Sub Contractor. Seismic Restraints are required in both
new and existing building.

15. Furnishing of Access Panels

18. Smoke and Firestopping Seals and sealing of all wall penetrations as detailed on the
drawings. Refer to Section 078400 which defines the firestopping materials and
methods.

RELATED WORK

The following items of work related to the Fire Protection Work are included under other
Sections of the Specifications:

oukw M=

®© N

Fire Service up to 10 feet outside foundation wall: DIVISION 33 — SITE UTILITES
Cutting & Patching beyond 1.02, C.12 above: SECTION 010450 - CUTTING AND
PATCHING.

Installation of Access Panels: Respective finish section.

Excavation and Backfill: DIVISION 31

Finish Painting: SECTION 099000: PAINTING

Wiring for Supervisory Switches, Electrical Alarm, and Flow Switches, and Power
Wiring: SECTION 260000 - ELECTRICAL

Temporary Facilities: SECTION 015000 - TEMPORARY FACILITIES

Installation of Hood Suppression System — SECTION 114000 FOOD SERVICE
EQUIPMENT

CODES, ORDINANCES, AND PERMITS

Perform all work in accordance with the following Codes:

oabkhwdd =

780 CMR: The State Building Code.

527 CMR: The Fire Prevention Regulations.

NFPA-13-2007, NFPA-14-2007, and Owner's insurance company requirements.
All applicable Local, State, and Federal Codes, Statutes, or Regulations.

Town of Concord Fire Department.

Town of Concord Building Department.

Obtain all permits, approvals, etc., from the governing authorities and pay all fees and include
cost in the bid, including approvals for the cross connection control device. Provide the Owner
with the cross connection permit for the device in the Owner's name.

Refer to DIVISION 01 — GENERAL REQUIREMENTS for information regarding municipal
permit and inspection fees.

FIRE PROTECTION
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1.5

1.6

1.7

A

RECORD DRAWINGS

Maintain on the Site two (2) sets of the approved Working Drawings, black or blue line on
white, bearing original signatures or approval stamps of the various authorities having
jurisdiction. On one (1) of these sets, clearly and neatly indicate in colored pencil, the actual
location of all piping, sprinklers, and other equipment as it is being installed. Mains, sub-
mains, control valves, etc., shall be dimensioned. These Drawings shall be available to the
Architect/Engineer's field representative at all times.

Upon completion of the work and prior to final payment, transfer the above information onto
reproducible copies (mylars) of the plans of the system, showing sizing, arrangement, and
locations of all heads, piping, fittings, drains, test connections, flushing connections, valves,
and valve lists. Refer to 780 CMR 9.0 for additional requirements.

OPERATING INSTRUCTIONS AND MAINTENANCE MANUALS

Provide operating instructions to the owner's designated representative with respect to
operation functions and maintenance procedures for all equipment and systems installed. At
the completion of the project, turn over to the Architect four (4) complete manuals in three-ring,
loose-leaf binders, containing the following:

Complete Shop Drawings of all equipment.

Operation description of all systems.

Names, addresses, and telephone numbers of all suppliers of the system.
Preventive maintenance instructions for all systems.

Spare parts list of all system components.

abRrwn -~

SHOP DRAWINGS AND MATERIAL SCHEDULES

Refer to DIVISION 01 — GENERAL REQUIREMENTS for substitution of equipment and
submittal of Shop Drawings. If apparatus or materials are substituted for those specified, and
such substitution necessitates changes in or additional connections, piping, supports or
construction, same shall be provided as the responsibility, and at the expense, of the Fire
Protection Subcontractor.

Fabrication of any material or performing of any work prior to the final approval of the
Submittals will be entirely at the risk of the Subcontractor. The Subcontractor is responsible
for furnishing and installing materials called for in the Contract Documents, even though these
materials may have been omitted from approved Submittals.

Submit Shop Drawings for the following materials and equipment.

1. Coordinated Working Drawings and hydraulic calculations including size, type, length,
temperature rating of sprinkler heads, piping and the like. Indicate flow test results,
design criteria, hydraulic reference points, diffuser and light locations.

Access Panels and Covers

Sprinkler Heads

Hangers and Seismic Restraints

Pipe, Fittings, and Appurtenances

Systems Identification

Valves

Fire Department Connection

Cross Connection Devices

©CON>TO AWM
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1.8

A

1.9

COORDINATION DRAWINGS

Before materials are purchased or Work is begun, prepare and submit to the Architect,
Coordination Drawings showing the size and location of all equipment and piping lines
relevant to the complete system. Ensure that these Drawings are compatible and correctly
annotated and cross-referenced at their interfaces.

Coordination Drawings are for the Contractor's and the Architect's use during Construction
and shall not be construed as replacing any Shop or Record Drawings required elsewhere in
these Contract Documents.

Detailed procedures for Coordination Drawings are contained in DIVISION 01 — GENERAL
REQUIREMENTS of these Contract Documents.

GUARANTEE

Guarantee all work under this Section free from defects in workmanship or materials for a
period of one (1) year from the date of final acceptance of the building, as set forth in the
Contract.

Replace any such defective work developing during this period, unless such defects are
clearly the result of bad usage of equipment by others. Where such defective work results in
damage to work of other Sections of the Specifications, restore such work to its original
condition by mechanics skilled in the affected trade.

DRAWINGS

All work shown on the Drawings is intended to be approximately correct to scale but shall be
taken in a sense as diagrammatic. Sizes of pipes and general method of running them are
shown, but it is not intended to show every offset and fitting. To carry out the true intent and
purpose of the plans, furnish all necessary parts to make a complete working system ready for
use.

The Drawings and Specifications are intended to supplement each other so that any details
shown on the Drawings and not mentioned in the Specifications, or vice-versa, shall be
executed the same as if mentioned in the Specifications and shown on the Drawings.

Refer to the Architectural, Structural, and Other Mechanical and Electrical Drawings which
indicate the construction in which this work shall be installed. Locations shown on the plans
shall be checked against the general and detailed drawings of the construction proper. All
measurements must be taken at the building.

SYSTEM DESCRIPTION

Building is to be 100% sprinklered including all closets regardless of size.

Refer to Fire Protection Criteria on the Drawings. Conform to the zoning shown on the plans.
Locations of sprinkler heads are shown in some of the areas to be sprinklered only to establish
the patterns and design intent. Major equipment and runs of piping may also be shown. Refer

to reflected ceiling plan for location of all sprinkler heads. All sprinkler heads are to be
installed dead center of tile.

FIRE PROTECTION
210000 -4
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The documents require that the building be covered 100%. This includes all closets,
combustible concealed spaces, and other areas as required under NFPA-13-2007. These
areas are to be included in the Sub-contractor's bid whether or not the heads are shown on
the sprinkler plans.

ALARM FACILITIES

Furnish and install all Supervisory Switches, Flow Switches, Pressure Switches, and other
Alarm Devices. Install all such devices on the piping and coordinate with the Electrical
Subcontractor who shall wire all such devices to the Fire Alarm System. Every shutoff valve
installed on this project shall have a supervisory trouble switch wired to the Fire Alarm Panel.
PIPE MARKER IDENTIFICATION SYSTEM

Mark all fire mains installed under this Section with a marking system in basic colors
conforming to those specified in A.S.A. A-13. Markings shall indicate pipe content and
direction of flow. Apply markers every 20' on center on piping which is exposed in mechanical
or storage areas and above suspended accessible ceilings. Also, apply at all access panels,
valves, tee joints, alarms, and/or controls.

Adhesive system may be used throughout except at the mechanical rooms in which case
markings shall be painted on.

VALVE TAGS

All valves installed in the Fire Protection Contract shall be tagged. Tags shall be secured to
valves with chain link and shall be marked with 3/4" high letters as to function. All valve tags
shall indicate the Fire Zone.

IDENTIFICATION SIGNS

All equipment and systems shall be identified with signs furnished and attached in accordance
with NFPA 13.

BREAKDOWN

Submit a breakdown of the contract price to aid the Architect in determining the value of the
work installed as the job progresses.

No requisition will be approved until the breakdown is delivered to the Architect.

VISIT TO SITE

Prior to submitting a bid, visit the site of work and become familiar with existing conditions at
the site of the work. Any assumptions made are at this Subcontractor's expense.

FIRE PROTECTION
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PART 2 - PRODUCTS

2.1

2.2

GENERAL

All materials and equipment furnished under this Section shall be new, unused, first quality of
a manufacturer of established reputation and shall be U.L./F.M. approved. Each valve, fitting,
section of pipe, piece of equipment, etc., shall have cast or indelibly stamped thereon the
manufacturer's name, pressure rating where applicable, type, etc. All threads for fire
department connection shall conform to the standards of the Local Fire Department.

PIPE AND FITTINGS

Pipe and fittings shall conform to the latest A.S.A., A.S.T.M., C.A., and F.S. Standards. All
grooved products shall be of one manufacturer to conform to NFPA Standards.

All piping installed under this Section shall be in accordance with the following:

Service Materials
Trim piping around alarm ASTM A-53, Schedule 40
valves, sprinkler piping steel pipe, black for wet system,
1-1/2" and smaller galvanized for dry
Sprinkler and standpipe Schedule 10, ASTM A-135
piping 2" and greater U.L./F.M. steel by Allied, or equal,

black for wet system, galvanized for dry
Underground service CL 52 ductile iron pipe
Fittings on fire line piping, 2" and larger, shall be Victaulic Fire Lock Ductile Iron Fittings
conforming to ASTM A-536 with integral grooved shoulder and back stop lugs and grooved
ends for use with Style 009-EZ or Style 005 couplings.

Fittings for standpipes and risers, 2-1/2” and larger, and where ever required to conform to
Seismic Requirements shall be Victaulic Vic-Flex Style 75 or 77 with Fire Lock Gasket.

Branch line fittings shall be welded or shall be Victaulic 920/920N Mechanical Tees.

Schedule 10 pipe shall be roll grooved. Schedule 40 pipe where used with mechanical
couplings shall be rolled groove and shall be threaded where used with screwed fittings.

Fittings for threaded piping shall be malleable iron screwed sprinkler fittings.

All pipe and fittings shall be U.L./F.M. approved for sprinkler and standpipe service. All pipe
and fittings shall be galvanized for dry or pre-action system and black for wet system.

Fittings on underground fire service piping shall be 250 psi gray iron fittings with mechanical
joint ends. Coordinate with site contractor to assure all joints are properly thrust blocked.

FIRE PROTECTION
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23

24

2.5

A

JOINTS

Threaded pipe joints shall have an approved thread compound applied on male threads only.
Teflon tape shall be used for threads on sprinkler heads.

Joints on piping, 2" and larger, shall be made up with Victaulic, or equal, Fire Lock Style 005,
rigid coupling of ductile iron and pressure responsive gasket system for wet or dry sprinkler
system as recommended by manufacturer. Couplings on dry systems shall be galvanized.
Cutting, roll grooving, lubrication, and assembly of all joints shall be made strictly in
accordance with manufacturer's recommendations. Exercise particular caution in the use of
lubricant to avoid “squeeze out” of lubricant when system is in service.

All joints on Fire Service under slab shall be restrained up to the service stub flange
connection above slab.

VALVES

All shutoff and control valves shall be U.L./F.M. approved, indicating type valves equipped with
a supervised trouble switch wired to the fire alarm system. Shutoffs and zone valves may be
either OS&Y indicating gates or butterfly valves.

Gate valves shall be outside screw and yoke indicating type, 175 psi W.P. and U.L./F.M.
listed, Jenkins or equal. All such valves shall have supervised trouble switch.

Butterfly valves shall be Victaulic Series 705-W for 2-1/2” and larger, and Milwaukee indicating
type U.L./F.M. butterball for threaded service. Coordinate with Electrical Sub-contractor to
have factory installed monitor switches compatible with the remainder of the Fire Alarm
System.

Check valves shall be iron body bronze mounted U.L./F.M., 175# W.P. or U.L./F.M. wafer
checks. Grooved end valves shall be Victaulic Style 717 Fire Lock Check Valve.

Ball drips shall be Potter Roemer #5682, 3/4" straight design ball drip valve.

Drains shall be provided in the systems as may be required by field conditions. Provide drains
at all low points and wherever necessary to insure that all portions of the sprinkler piping may
be completely drained. Test connections shall be provided as required to test all portions of
the system. Pipe low point drains and test connections to suitable receptor as determined in
field or shown on Drawings.

Install an inspector's test connection at the furthest point of each sprinkler zone. Run
discharge back to a suitable receptor. Exterior wall penetration is permitted with test drain but
only as approved by the Architect.

SPRINKLERS

All sprinklers to be used on this project shall be Quick Response type and shall be stamped
with date of manufacture and temperature rating. Temperature ratings shall be determined by
the location of the heads and shall be 155 degrees F. throughout except in special areas
around heat producing equipment in which case use temperature rating to conform with
hazard as specified in NFPA 13-2007. Orifice diameter and K factor shall be appropriate to
meet the hydraulic design criteria, the available water supply, and NFPA Standards.

FIRE PROTECTION
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2.7

B.

Furnish spare heads of each type installed located in a cabinet along with special sprinkler
wrenches. The number of spares, location of cabinet, etc., shall be in complete accord with
NFPA 13-2007.

Upright sprinkler heads in areas with no ceilings shall be Tyco Model "TY-FRB" Quick
Response, upright natural bronze finish heads. Include heavy duty sprinkler guards in all
mechanical and storage rooms, gymnasium outdoor activity, aerobics, wrestling, auto shops
and general shop.

Sidewall heads shall be Tyco Model "TY-FRB" Quick Response with white polyester head and
escutcheon.

Pendent wet sprinkler heads shall be Tyco Model "TY-FRB" Quick Response recessed
adjustable escutcheon, white polyester finish.

Pendent dry sprinkler heads shall be Tyco Model "DS-1" Quick Response dry type, white
polyester finish and escutcheon.

Dry sidewall heads shall be Tyco Model "DS-1" dry horizontal sidewall heads, white polyester
finish.

At Contractor's option provide Aqua-Flex series AQB braided system complete with all
accessories or approved equal stainless steel sprinkler fitting at sprinkler heads. Installation is
to be as per manufacturer requirements. Hydraulic calculations are to indicate flexible
connections if used.

FIRE DEPARTMENT CONNECTION

Fire Department Inlet Connection shall be Croker #6360 Series; 4” Storz inlet x 4" outlet, 30
degree elbow, brass plate, and stamped “Sprinkler-Standpipe”. Install 1/2” ball drip valve and
chrome plated trim wall fitting on bottom of inlet fitting body. Provide access panel for
servicing the ball drip.

FIRE STANDPIPE EQUIPMENT

Fire Department Valves shall be Croker Series 5015 Fire Department Valves fitted with 2 1%”
national standard x 1 %" iron pipe reducer, caps and chains all conforming to Local Fire
Department thread standard. Valves shall be polished chrome plated and shall be mounted in
a recessed cabinet as indicated on Drawings.

Cabinets for the Fire Department Valves shall be Croker #2700 - Modified 18” x 18” x modified
10” deep. cabinet, fully recessed, solid door, prime painted steel. Include graphic and door
catch.

Provide 24” x 24” access panels at floor control locations or recessed cabinets as appropriate
to the wall construction. Provide graphic.

Fire Hose Cabinets located in the stage area shall be Croker Series 2100 full recessed
mounted, prime painted steel door with graphic equipped with 2%%” valve with 1'%” fire hose
rack containing 50 feet of 1%” Pr. Superflex hose and nozzle conforming to local fire
department standards.

FIRE PROTECTION
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28 SUPPLEMENTARY STEEL, CHANNEL, AND SUPPORTS

A. Furnish and install All Supplementary Steel, Channels, and Supports required for the proper
installation, mounting, and support of all equipment.

B. Supplementary Steel and Channels shall be firmly connected to building construction in a
manner approved by the Architect.

C. The type and size of the Supporting Channels and Supplementary Steel shall be determined
by the Fire Protection Subcontractor and shall be sufficient strength and size to allow only a
minimum deflection in conformance with the manufacturer's requirements for loading.

D. All Supplementary Steel and Channel shall be installed in a neat and workmanlike manner
parallel to the walls, floor, and ceiling construction. All turns shall be made with 90 degree
fittings, as required to suit the construction and installation conditions.

2.9 HANGERS AND SEISMIC RESTRAINTS

A. Hangers shall be furnished, installed, and supported from the building structure in accordance
with NFPA - 13, Section 230548 and Drawing VS-1.

B. All piping whether in new or existing building shall be seismic restrained.

2.10 ALARM DEVICES

A. Flow switches shall be vane type water flow detectors with 0-70 Sec. Adjustable non-
accumulative retard device and (2) single pole double throw contacts, Notifier Series WFD
Potter, VSR.F or equal.

B. Pressure switches shall be adjustable Potter Model PS10A or equal.

B. High/Low pressure switches shall be adjustable Potter Model PS40A or equal.

C. Supervisory switches on all O.S. & Y. gate valves shall be Notifier NGV complete with
mounting bracket.

D. The wet system alarm device shall be Reliable or equal Model ‘E’ alarm valve with “E1”
trimmings package to include Model ‘C’ water motor alarm and electric sprinkler alarm switch.

E. Refer to Drawings for additional devices. Co-ordinate, prior to ordering devices, with the
Electrical Sub-Contractor to assure device compatibility with the Fire Alarm System.

2.1 DOUBLE CHECK VALVE ASSEMBLY

A. Double check valve assembly shall be State approved, U.L./F.M. approved, with iron body
bronze mounted construction complete with supervised OS & Y gate valves and test cocks.
Furnish two (2) spare sets of gaskets and repair kits.

B. Double check valve assembly shall be of one of the following:

1. Watts Series 757-OSY
2. Wilkins 350A-OSY

FIRE PROTECTION
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3. Conbraco Series 4S-100
C. In the name of the owner pay for, file for, and obtain required permits from D.E.P. and/or local

2.12

213

authority whichever has jurisdiction prior to installation.

ACCESS DOORS

Furnish Access Doors for access to all concealed control valves, drains, inspector's tests,
supervisory devices, and to all other concealed parts of the system that require accessibility
for the proper operation and maintenance of the system. These doors shall be installed under
the appropriate Section of the Specifications for the surface upon which the panels are
mounted.

All Access Doors shall be located in a workmanlike manner in closets, storage rooms, and/or
non-public areas, positioned so that the valve or part can be easily reached, and the size shall
be sufficient for this purpose (minimum size 12" x 16"). When access doors are required in
corridors, lobbies, or other habitable areas, they shall be located as directed by the Architect.

Access Doors shall be prime painted and be complete with cylinder lock and two (2) keys as
manufactured by Acudor, Inland Steel Products Company "Milcor", or Walsh-Hannon-Gladwin,
Inc., "Way Loctor". Type shall be as follows:

Acoustical Tile Ceiling Acudor AT-5020
G.W.B. Surfaces Acudor DW-5040
Masonry Construction Acudor UF-5000
Fire Rated Construction Acudor FB-5060

Access Doors Shop Drawings shall be submitted to the Architect for approval.

TEST HEADER

Furnish and install a Croker model 6818-PC test header where indicated on the drawings.

PART 3 - EXECUTION

3.1

3.2

WORKMANSHIP AND INSTALLATION METHODS

All work shall be installed in a first-class manner consistent with the best current trade
practices. All materials shall be securely installed plumb and/or level, and all flush mounted
equipment shall have front edge flush with finished wall surface.

Protect all concealed heads. Coordinate and advise finishing trades so as to prevent painting
of sprinkler heads or inadvertent filling with paint or jointing compound of required air spaces
in the case of the concealed type sprinkler heads.

WORK COORDINATION AND JOB OPERATIONS

The equipment shall not be installed in congested and possible problem areas without first
coordinating the installation of same.

FIRE PROTECTION
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3.3

3.4

B.

Before materials are purchased or work is begun, prepare and submit to the Architect,
Coordination Drawings showing the size and location of all equipment and piping lines
relevant to the complete system. Ensure that these Drawings are compatible and correctly
annotated and cross-referenced at their interfaces.

Coordination Drawings are for the Contractor's and the Architect's use during construction and
shall not be construed as replacing any Shop or Record Drawings required elsewhere in these
Contract Documents.

Detailed procedures for coordination Drawings are contained in DIVISION 01 — GENERAL
REQUIREMENTS of these Contract Documents.

Particular attention shall be directed to the coordination of piping and other equipment
installed in the ceiling areas. Coordinate the elevations of all piping in hung ceiling areas to
insure adequate space for the installation of recessed lighting fixtures before other mechanical
equipment is installed.

Furnish to the General Contractor, and all other Subcontractors, all information relative to the
portion of the Fire Protection installation that will affect them, sufficiently in advance so that
they may plan their work and installation accordingly.

In case of failure to give proper information as indicated above, sufficiently in advance, pay for
all back-charges for the modification, renovation, and relocation of any portion of the work
already performed.

Obtain from the other trades, all information relative to the Fire Protection Work to be executed
in conjunction with the installation of their respective equipment.

CUTTING AND CORE DRILLING

Perform all cutting and core drilling operations that are outlined in Part 1 of this SECTION.
Throughout the performance of the cutting and coring work, ensure that the structural integrity
of the walls, floors, overhead structure, and other structural components is maintained until
permanent work is installed. Prior to any coring or cutting, verify all locations of same with the
General Contractor. All cutting and coring is to be performed in accordance with approved
Coordination Drawings.

Cut all masonry and concrete with an approved diamond blade concrete saw in a neat straight
direction, perpendicular to the plane of the wall or floor.

Use a core drilling process which produces clean, sharp edges and the minimum hole size
which will accommodate the size of pipe sleeve specified.

Patch all holes up to the sizes indicated in Section with material and methods as are specified
in the Section of the Specifications for the finish trade involved. Holes which are improperly
done due to poor materials or method, shall be patched to the satisfaction of the Architect by
the finish trade and back-charged to this Subcontractor.

CLEANING AND PROTECTION

Protect all materials and equipment during shipment and installation and properly handle and
store at the job site so as to prevent damage. Assume full responsibility for protection of work
until its completion and final acceptance.

FIRE PROTECTION
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3.5

3.6

B.

Keep the premises reasonable clean at all times and remove rubbish caused by the Fire
Protection work as directed by the Architect.

Upon completion of this work, clean all sprinklers, and equipment and replace damaged parts.
Failure to fulfill this obligation will result in back-charges for correction of the defective work by
others.

SLEEVES, INSERTS, AND ESCUTCHEONS

All piping passing through slabs, floors, walls, and partitions shall be sleeved and all such
sleeves shall be furnished and installed by the Fire Protection Subcontractor as detailed on
the Drawings and herein specified. Fire Protection Contractor, shall do his core drilling as
approved by the Architect and the cored opening shall have a sleeve caulked and leaded in
place. Set sleeves in concrete floors and walls as soon as forms set and before concrete is
poured.

All pipes passing through floor, whether slab-on grade or above grade levels shall be sleeved
with sleeve extending 1" above floor. This includes all piping in toilet room pipe space,
stairwells, closets, partitions, etc. In mechanical penthouses, pipe sleeves shall extend 4"
above floor.

All sleeves shall be Schedule 40 galvanized steel pipe and shall be reamed. There shall be
1/2" annular space between the sleeve and pipe. Sleeves on drywall, masonry, or concrete
walls and partitions shall be flush with wall on both sides.

The space between sleeve and pipe, in all cases, shall be filled with U.L./F.M. approved
caulking compound. This includes pipes concealed in chases and/or partitions.

Inserts, where required, shall be furnished and set by the Fire Protection Subcontractor and,
where necessary, may be drilled or power driven and shall be sized such that the insert will
not exceed a depth of penetration of 1" into concrete.

Escutcheons: All exposed pipe, uncovered, passing through walls, or floors, or ceilings, shall
be fitted with C.P. brass spun or split type escutcheons with approved clamping device for
holding in position. Floor escutcheons shall be deep enough to fit over sleeves, fastened to
pipe, and extend down to floor.

TESTING

Flush the system and test all work in the presence of the Architect and/or Engineer and as
required by NFPA and the Insurance Company. The flushing and testing procedures to be
followed are specified herein. At the completion of the testing, submit fully executed copies of
Contractor's Material and Test Certificate for both above ground and underground piping as
contained in NFPA-13.

1. Water Supply:

a. Flushing:  Underground/exterior service entrance shall be flushed at a
minimum velocity of 10 fps in accordance with NFPA Standards 13, 14, and
24. The Fire Protection sub-contractor shall coordinate with Division 33 and
shall notify the Water and Fire Departments prior to testing of the entire
exterior system.

FIRE PROTECTION
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2. Sprinkler System:

a. Hydrostatic Testing: The interior system shall be hydrostatically tested at 200
psi for 2 hours in accordance with NFPA 13 paragraph 24.2.1.

b. Operational Testing: Water flow switches and associated alarm systems shall
be tested by water flow through the inspectors test assemblies in accordance
with NFPA 13, 24.2.3.

C. Main Drain Test: A flow test shall be performed on the main drain valve and
recorded on the Contractor’s test certificate in conformance with NFPA 13,
24.2.3.4.

d. Backflow Preventor Flow Test: The double check valve assembly shall be
flow tested in conformance with NFPA 13, 24.2.5.

3. Standpipe or Bulk Fire Main:

a. Flushing: The fire department connection piping shall be flushed at a
minimum velocity of 10 fps in conformance with NFPA 13, and NFPA 14.

b. Hydrostatic Testing: All piping shall be pressure tested at 200 psi for 2 hours
in conformance with NFPA 14.

C. Flow Tests: The system shall be flow tested at the hydraulically most remote
hose connection in conformance with NFPA 14.

d. Valve and Supervisory Switch Test: All valves and tamper switches will be

tested by opening and closing valves in conformance with NFPA 14,

END OF SECTION
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SECTION 21 08 00
COMMISSIONING OF FIRE SUPPRESSION

PART 1 - GENERAL

1.01

1.02

1.03

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

OPR and BoD documentation are included by reference for information only.

SUMMARY

This Section includes general requirements that apply to implementation of the commissioning
process to the fire suppression systems, assemblies, and components.

Related Sections include the following:

1. Division 01 Section 01 9113 Commissioning General Requirements for general
commissioning process activities.
2. Division 21 Fire Suppression

3. Division 28 Electronic Safety and Security for fire alarm interaction and requirements

DEFINITIONS

Commissioning Plan: A document, prepared by CxA, that outlines the organization, schedule,
allocation of resources, and documentation requirements of the commissioning process. This
Plan is included in Volume 4 of these specifications.

CxA: Commissioning Authority.

Quality Assurance: A program for the systematic monitoring and evaluation of the various
aspects of a system, assembly, or component to ensure that standards of quality are being met.

This is the responsibility of the CxA.

Quality Control: A system for ensuring the maintenance of proper standards in systems,
assemblies, and components. This is the responsibility of the Contractor.

Official: State or Local official having jurisdiction over the conveying systems

Systems, Assemblies, Equipment, and Components: Where these terms are used together or
separately, they shall mean “as-built” systems, assemblies, equipment, and components.

COMMISSIONING OF FIRE SUPPRESSION
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PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.01

3.02

3.03

CONSTRUCTION CHECKLISTS

The CxA shall provide Construction Checklists to the Contractors for execution that will indicate
expected Quality Control features required for a highest-quality installation. The contractor shall
complete the checklists as construction progresses and return them to the CxA as indicated in
Section 01 9113 Commissioning General Requirements.

Checklists for this section will include:

1. Wet sprinkler piping and equipment
2. Fire pump

3. Jockey pump

4, Storage Tanks / Vault

5. Dry system

A sample installation checklist is included to show the typical scope and rigor of the process.

PREREQUISITES TO TESTING

Prior to the testing of these systems or assemblies, the Contractor shall certify that:

1. The system or assembly is completely installed, functional, and documented.

2. Work performed by other trades, but essential for this system or assembly’s operation, is
complete (e.g., electrical components are wired and power is provided).

3. All contractor-performed start-up procedures and tests are complete and documented.

4, The system or assembly is ready for the Owner to take beneficial use.

SYSTEM OR ASSEMBLY TEST REQUIREMENTS

The CxA will provide Functional Performance Test procedures to the Contractor for execution
for the following specific systems, assemblies, and components:

1. Wet sprinkler systems

2. Dry Sprinkler systems

3. Fire pump systems

4, Fire alarm system interactions

Acceptance criteria and test details will be in accordance with the related sections including the

following:

1. Division 01 Section 01 9113 Commissioning General Requirements for general
commissioning process activities.

2. Division 21 Fire Suppression

3. Division 28 Electronic Safety and Security

A sample functional performance test is included to show the typical scope and rigor of the
process.

COMMISSIONING OF FIRE SUPPRESSION
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3.04 TEST REPORTS

A. Provide copies of all reports required in the listed reference sections (see Section 1.02
SUMMARY above for the sections) for review.

3.05 SAMPLE FORMS

COMMISSIONING OF FIRE SUPPRESSION
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SAMPLE
Installation Checklist
Sprinkler Piping- Second Floor
Schedule ID# from drawings: Fire Protection
Reference Specification: 15300
Reference Drawing: F-101
Location: Second Floor
Model Verification
Specified Submitted Installed
Manufacturer
Model Number
Pumps:
QTY/HP
Capacity
Voltage/Ph
Installation Checks
ID | Description Pass/Fail | Comments
1 | Verify sprinkler piping is run level. L
Verify sprinkler piping is schedule 40 black steel piping and has been 0
provided with the appropriate fittings: 0]
2 a) Piping 1" to 2" Threaded Fittings 00
b) Piping 2-1/2” and greater- Victaulic Fittings
3 | Verify piping has been properly supported. L
4 | Verify that the “Wet” system piping is not run in main telephone, |l
electric, and data rooms.
5 | Verify that standpipe and hose valve cabinets are installed at each stair L
landing at 48” A.F.F.
6 | Verify that floor zone control valve assembly and drain piping has been |l
installed.
7 Verify piping has been provided with seismic bracing where required. L]
8 Verify that auxiliary drains have been provided for all trapped piping. L]
9 | Verify piping has been clearly identified with the proper color coding. |l
Approvals (only one required)
Name (printed neatly) Sighature Date

Contractor/Manuf. Rep.

Engineer

Construction Administrator

Commissioning Agent

COMMISSIONING OF FIRE SUPPRESSION
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1. Participants

SAMPLE

Functional Performance Test
Fire Pump

CONCORD-CARLISLE REGIONAL HIGH SCHOOL

Concord, MA

Name/Representing

Participation (Testing, Witness, etc)

/

/

/

Party filling out this form

2. Prerequisite Checklist

Date of test

(Y/N) An as-built version of the controls submittal has been provided.

(Y/N) A start up service report has been provided by a factory-authorized service representative.

(Y/N) The controls contractor has certified that their internal commissioning is complete and the

project is ready for third-party verification. CC initials: _

_. Date: _

(Y/N) The general contractor has certified that the construction is substantially complete and ready

for third-party verification. GC initials: _

_. Date: _

(Y/N) Record all values for setpoints, control parameters, limits, delays, lockouts,
schedules, etc. that were changed to accommodate testing:

Returned Returned
Parameter Pre-Test to Pre- Parameter Pre-Test to Pre-
Values Test Values Test
values values
Fire Pump Status ] Jockey Pump Status ]
Fire Pump Inlet [] Jockey Pump Inlet []
Valve Status Side Valve Status
Fi.re Pump Wet Alarm Check
Discharge Valve #1 ] Valve Status ]
Status
Ei_re Pump Fire Pump Test
ischarge Valve #2 O Header Valve Status O
Status
Fjre Pump Bypass Fire Dept Connection
Line Valve #1 ] Valve SFt)atus ]
Status
Fire Pump Bypass
Line Valve #2 ] Low Pressure Alarm ]
Status

COMMISSIONING OF FIRE SUPPRESSION
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3. Sensor Calibration Checks. The sensors listed below are to be checked for calibration and

adequate location.

Locati | BAS | Measur | Pas Locati | BAS | Measur | Pas
Sensor on Valu ed s Sensor on Valu ed s
oK* e value | Y/N oK* e value | Y/N
Y/N Y/N Y/N Y/N
Y /N Y/N Y /N Y/N
Y/N Y/N Y/N Y/N
Y/N Y/N Y/N Y/N

! Sensor location is appropriate and away from causes of erratic operation.

Comments:

4. Device Calibration Checks. The actuators or devices listed below are to be checked for proper
operation and/or calibration.

BAS Site Pas
Device or Actuator Procedure / State Observatio s
Value
n Y/N
: 1.0n Y/N
Fire Pump Inlet Valve Status
2. Off Y/N
Fire Pump Discharge Valve #1 | 1. Alarm Y/N
Tamper Switch Status 2. Normal Y/N
Fire Pump Discharge Valve #2 | 1. Open Y/N
Tamper Switch Status 2. Closed Y/N
Fire Pump Bypass Line Valve | 1. Open Y/N
#1 Tamper Switch Status 2. Closed Y/N
Fire Pump Bypass Line Valve | 1. Open Y/N
#2 Tamper Switch Status 2. Closed Y/N
Jockey Pump Inlet Side Valve | 1. Open Y/N
Tamper Switch Status 2. Closed Y/N
Fire Pump Test Header Valve | 1. Open Y/N
Tamper Switch Status 2. Closed Y/N
Fire Dept Connection Valve 1. Open Y/N
Tamper Switch Status 2. Closed Y/N

5. Notes

COMMISSIONING OF FIRE SUPPRESSION
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6. Functional Testing Record
Seq. Test Procedure Pass
ID Mode ID (including special conditions) Expected Response Y/N Notes
1. The jockey pump will
start when the system
JOCKEY | 1. With jockey pump in “AUTO” p:g_sssgtrfu:ﬁag:i:t?r?
PUMP position lower sprinkler pressure P 9
1 AX_'ll_'l(éM by opening system drain valve. 2. The pump runs until Y/N
START | 2. Close system drain valve the system pressure
reaches the shut off
setting at which time the
jockey pump will stop.
1. The Fire Pump will
start when the system
1. With the jockey pump in the p:g_sss;trﬁrreeaﬁf%es “tgteart”
FIRE “ON” position, open the “Alarm gettin pump
PUMP Test Module” valve to reduce 9
2 AX.-I.FI%M system pressure. 2. The system returns to YIN
START | 2. Close the “Alarm Test Module” thﬁ pfff’per pressure.
valve The fire pump runs for a
' predetermined time and
shuts off at the end of
that time period.
1. If equipped, activate the
Emergency Generator “RUN” L Emerggncy gengrator
FIRE switch starts. Fire pump is now
L fed from generator.
PUMP | 2. With the emergency generator !
. ) 2. Fire pump runs
RUNNIN running and the jockey pump .
G ON switch in the “OFF” position 3. Fire pump turns .Off
3 EMERG reduce the pressure in the a_lfter a preajetermmed Y/N
ENCY sprinkler system by opening the 4t|'r:n_e perio is fed
GENERA Alarm Test Module valve . FIré pump power IS e
TOR 3. Close test valve from normal power and
4. Return generator switch to E;;ner. Generator shuts
“Normal” position

-- END OF TEST --

END OF SECTION 210800
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SECTION 220000
PLUMBING WORK
(Trade Bid Required)
Trade Contractors on this CM at Risk project are required by law to provide Payment and
Performance Bonds for the full value of their Trade Contracts, and Trade Contractors must

include the full cost of the required Payment and Performance Bonds in the Bid price they submit
in response to this RFB.

Bids will only be accepted from Trade Contractors pre-qualified by the Awarding Authority.

PART 1 - GENERAL

1.1 GENERAL PROVISIONS
A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections within
DIVISION 01 - GENERAL REQUIREMENTS which are hereby made a part of this Section of
the Specifications.
B. Time, Manner and Requirements for Submitting Sub-Bids: Refer to “Request for Trade Bid-
Trade Subcontract.”

1.2 DESCRIPTION OF WORK

A. Work Included: Provide labor, materials and equipment necessary to complete the work of this
Section, including but not limited to the following:

1. All Work of Section 220000 — PLUMBING
2. All Work of Section 230548 — VIBRATION CONTROL & SEISMAIC RESTRAINT

3. Refer to Construction Manager’s “Request for Bid- Trade Subcontractor- Bid Package-
Electrical Work,” for additional information.

4, Filed Sub-Sub Bid Class of Work: Reference Paragraph
a. Insulation 220000 - 2.5

END OF SECTION

PLUMBING WORK
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SECTION 220000

PLUMBING
(Filed Sub-Bid Required)

PART 1 - GENERAL
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SECTION 220000

PLUMBING
(Filed Sub-Bid Required)

PART 1 - GENERAL

1.1

1.2

A

GENERAL PROVISIONS

Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections within
DIVISION 01 — GENERAL REQUIREMENTS, which are hereby made a part of this Section of
the Specifications.

Refer to Section 012300, ALTERNATES, for alternates which may affect the work of this
Section.

When open-flame or spark producing tools such as blower torches, welding equipment, and the
like are required in the process of executing the work, the General Contractor shall be notified
not less than twenty four hours in advance of the time that the work is to begin and the location
where work is to be performed. Provide fire protective covering and maintain constant non-
working fire watch through the Longmeadow Fire Department where work is being performed
and until it is completed.

FILED SUB-BID REQUIREMENTS

The work of this Section in its entirety is included in the following Section:

1. Section 220000 — PLUMBING

The work of this Section includes the work of the following Sections in their entirety:
1. Section 230548 — VIBRATION CONTROL AND SEISMIC RESTRAINT
Time, Manner and Requirements for Submitting Sub-Bids

1. Sub-bids shall be submitted in accordance with the provisions of Massachusetts General
Laws (Ter. Ed.), Chapter 149, Sections 44A-44l, inclusive, as amended. The time, place
and manner of submission of sub-bids shall be as set forth in Document 002113-
INSTRUCTIONS TO BIDDERS

2. Each sub-bid submitted for work under this Section shall be on a form furnished by the
Awarding Authority, as required by Section 44F of Chapter 149 of the General Laws, as
amended.

3. Each sub-bid filed with the Awarding Authority shall be accompanied by a Bid Bond or
Cash or Certified check or a Treasurer's or Cashier's Check issued by a responsible
bank or trust company payable to the Awarding Authority in the amount of five percent of
the bid. A sub-bid accompanied by any other form of bid deposit than those specified will
be rejected.

Sub-Sub-Bid Requirements

1. Insulation — 220000 Article 2.5.

PLUMBING
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1.3

2. Sub-bidders’ attention is directed to Massachusetts General Laws, Chapter 149, Section
44F as amended which provides in part as follows:

a. Each sub-bidder shall list in Paragraph E of the “form for Sub-bids” the name and
bid price of each person, firm or corporation performing each class of work or part
thereof for which (the Section of the specifications for that sub-trade) requires such
listing; provide that, in the absence of a contrary provision in the Specifications,
any sub-bidder may, without listing any bid price, list his/her own name in said
paragraph E for any such class of work or part thereof and perform that work with
persons on his/her own payroll; if such sub-bidder, after sub-bid openings, shows
to the satisfaction of the awarding authority that s/he does customarily perform
such class of work or the part thereof with persons on his/her own payroll and is
qualified so to do. This Section of the Specifications requires that the following
classes of work shall be listed in paragraph E under the conditions indicated herein

Reference to Drawings: Work to be performed under this Section is shown on Drawings
numbered: Remaining Contract Drawings are included for reference and coordination.

The listing of the Contract Drawings above shall not limit the subcontractor’s responsibility to
determine the full extent of work of this Section as required by all Contract Drawings noted on
the Contract Drawings including the Title Sheet Drawing List, the Project Manual, and Addenda.

DESCRIPTION OF WORK

Provide all labor, materials, equipment, services and accessories necessary to furnish and
install the work of this Section, complete and functional, as indicated in the Contract Documents
and as specified herein.

The work covered by this Section of the Specifications includes the furnishing of all labor and
materials and in performing all operations in connection with the installation of the Plumbing
Work.

Without limiting the generality thereof, the work to be performed under this Section includes:
1. Domestic water service to 10’ outside building and/or as shown on the Drawings.

Complete Sanitary, Waste & Vent System to 10 ft. outside building and/or as shown on
the drawings.

3. Storm drainage system including roof drains, rain leaders, and horizontal drain to 10 ft.
outside foundation wall.

4. Subsoil drains, perimeter drains & footing drains to 10’ outside.

5. Special Waste and Vent System (Acid Waste) including neutralizer and pH monitoring
system to 10’ outside.

6. Grease waste and vent system including cast iron piping within the grease trap provided

under division 33.
7. Potable Cold, Hot, and Hot Water Re-circulation System.
8. Non-Potable Cold, Hot, and Hot Water Re-circulation System.
9. Natural Gas System.
10.  Furnish and install domestic water heater breeching.
11.  Furnish and install boiler breeching.
12.  Insulation.
13. Potable & Non-Potable Water Heating Equipment.
14. Kitchen Emergency Gas Solenoid Valve
15.  Fixtures and Equipment
16.  Connection to Equipment Furnished by Others

PLUMBING
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17.  Flushing, Sterilization, and Tests

18.  Furnishing of Access Panels

19. Dirilling, Coring and Cutting & Patching of holes and openings where the largest
dimension thereof does not exceed 12 inches for Plumbing Piping and Equipment.

20. Provide and maintain temporary water service as directed by General Contractor.
General Contractor to pay for all water use.

21.  Scaffolding, Rigging, and Staging required for all Plumbing Work. Comply with Division 1
requirements.

22. Provide Seismic Restraints for all Plumbing Systems conforming to the requirements of
Section 230548 which Section is herein incorporated by reference. Seismic restraints are
required on all new systems whether in new or existing building.

23.  Preparation of Co-ordination Drawings.

24. At Project close out the Plumbing Sub-Contractor shall provide the services of an outside
firm who shall run an underground video camera, locating all drainage system lines
including depth, preparing a video and identifying & correcting any problem areas. The
Plumbing Sub-Contractor shall rod-out and power wash all underground drainage
systems. Turn over 4 copies of the video and written report to the owner. Videos are
required for the underground sanitary, garage waste, and special waste systems, main
lines. Branches are not required.

25. It shall be the responsibility of this division 220000 to provide all personnel as required to
fully coordinate with the commissioning agent. The hours of training and instruction
outlined in this division 220000 and the Testing requirements shall be in addition to those
tests and requirements outlined in section 018000 and required to fulfill commissioning
obligations.

14 RELATED WORK

1.5

The following Related Work will be performed under the designated Sections:

1.
2

w

No ok

8.
9

10.
1.
12.
13.

Domestic Water Service to 10’ outside — DIVISION 33 — SITE WORK

Cutting and Patching beyond 1.03, C.20 above: SECTION 010450 - CUTTING AND
PATCHING

Installation of Roof Drains, Flashing for vents through roof: SECTION 075100 -
ROOFING & FLASHING

Electric Power Wiring: SECTION 260000 - ELECTRICAL

HVAC Equipment: SECTION 230000 - HVAC

Excavation and Backfill: DIVISION 31 - EARTHWORK

Sanitary Sewer and storm drains to 10 feet outside the foundation wall: DIVISION 33 —
SITE WORK

Finish Painting: SECTION 099000 - PAINTING

Installation of Access Panels: SECTION describing material in which panel is installed.
Toilet Room Accessories: SECTION 108000 - TOILET ACCESSORIES

Temporary Facilities: SECTION 015000 - TEMPORARY FACILITIES

Food Service Equipment: SECTION 114000 FOOD SERVICE EQUIPMENT

Laboratory Casework and Sinks: SECTION 123450 LABORATORY EQUIPMENT

CODES, ORDINANCES, AND PERMITS

Perform all work in accordance with the requirements of the Town of Concord Building
Department, Massachusetts State Plumbing and Fuel Gas Codes, D.E.P., A.D.A., NFPA, The
Architectural Barrier Code, and applicable State and Federal Laws. Give all requisite notices,
file all requisite plans, and obtain all permits required to perform all Plumbing Work. Where the
Contract Documents indicate more stringent requirements than the above Codes and
Ordinances, the Contract Documents shall take precedence.
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1.6

1.7

1.8

Refer to DIVISION 01 — GENERAL REQUIREMENTS for information regarding local municipal
permit and inspection fees and utility company back charges.

SHOP DRAWING AND MATERIAL SCHEDULES

Refer to DIVISION 01 — GENERAL REQUIREMENTS for submittal of Shop Drawings. If
apparatus or materials are substituted for those specified, and such substitution necessitates
changes in or additional connections, piping, supports or construction, same shall be provided
as the responsibility, and at the expense, of the Plumbing Subcontractor.

Fabrication of any material or performing of any work prior to the final approval of the Submittals
will be entirely at the risk of the Subcontractor. The Subcontractor is responsible for furnishing
and installing materials called for in the Contract Documents, even though these materials may
have been omitted from approved Submittals.

Submit Shop Drawings for the following materials and equipment.
1 Valves, Piping, couplings and Fittings

2 Fixtures, Drains and Equipment including Supports

3 Backflow Preventers

4. Access Panels and Covers

5. Insulation

6 Drains, and Hydro Mechanical Specialties

7 Hose Bibs, Wall Hydrants

8 Hangers, Anchors, Guides, and Supports including Seismic Restraints

9. Cleanouts

10.  Piping ldentification System

11.  Water Heating Equipment

12.  Acid Neutralizer tank and monitoring equipment

13.  Water heater and boiler breeching including coordinated working drawings of installation.

COORDINATION DRAWINGS

Before materials are purchased or Work is begun, prepare and submit to the Architect,
Coordination Drawings showing the size and location of all equipment and piping lines relevant
to the complete system. Ensure that these Drawings are compatible and correctly annotated
and cross-referenced at their interfaces (match lines).

Coordination Drawings are for the Contractor's and the Architect's use during Construction and
shall not be construed as replacing any Shop or Record Drawings required elsewhere in these
Contract Documents.

Detailed procedures for Coordination Drawings are contained in DIVISION 01 — GENERAL
REQUIREMENTS of these Contract Documents.

RECORD DRAWINGS

Refer to DIVISION 01 — GENERAL REQUIREMENTS. The General Contractor will provide two
(2) sets of black or blue line on white Drawings to the Plumbing Subcontractor, one (1) set of
which shall be maintained at the site and which shall, at all times, be accurate, clear, and
complete, showing the actual locations of all equipment and piping as it is being installed. The
Record Drawings shall be available to the Architect/Engineer's field representative at all times.
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1.9

At the completion of the Contract, transfer all information to a mylar sepia of the original tracings
and submit three (3) sets of prints of these Record Drawings.

The Drawings and the original Contract Documents shall be used to make the final inspection of
the work completed under the Contract.

Include in the Record Drawings any addenda, sketches, and supplementary Drawings issued
during the course of construction.

Non-availability of Record Drawings or inaccuracies therein will postpone the final inspection
until they are available.

After the review of the Record Drawings by the Architect, make any changes or corrections
required by the Architect on the mylars. These mylars shall be certified as correct and delivered
to the Architect together with two (2) sets of black line prints. Sepia vellum reproducibles will
not be accepted as Record Drawings.

All valves shown on these Drawings shall be numbered with numbers corresponding to those
on the valve charts.

All costs related to the foregoing requirements shall be paid by the Plumbing Subcontractor.

OPERATING INSTRUCTIONS AND MAINTENANCE MANUALS

Provide operating instructions to the Owner's designated representative with respect to
operation functions and maintenance procedures for all equipment and systems installed. At
the completion of the project, turn over to the Architect four (4) complete manuals, in three-ring,
loose-leaf binders, containing the following:

Complete Shop Drawings of all equipment.

Operation description for all systems.

Names, addresses, and telephone numbers of all suppliers of the system.
Preventative maintenance instructions for all systems.

Spare parts lists of all system components.

(2) Copies of video of existing & new piping.

ok wh =

GUARANTEE

Refer to DIVISION 01 — GENERAL REQUIREMENTS. Guarantee all work under this Section
free from defects in workmanship and materials for a period of one (1) year from the date of
final acceptance of the building, as set forth in the Contract. Replace any such defective work
developing during this period, unless such defects are clearly the result of bad usage of
equipment by others. Where such defective work results in damage to work of other Sections of
the Specifications, restore such work to its original condition by mechanics skilled in the affected
trade.
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1.1 DRAWINGS
A. All work shown on the Drawings is intended to be approximately correct to scale, but shall be

taken in a sense as diagrammatic. Sizes of pipes and general method of running them are
shown, but it is not intended to show every offset and fitting. To carry out the true intent and
purpose of the plans, furnish all necessary parts to make complete working systems ready for
use. The Plumbing Drawings are intended to show the main stacks and risers and may or may
not necessarily show all runout piping particularly in lavatories and gang toilet areas. Contractor
shall include all runout piping to all referenced and schedule fixtures, drains downspouts, etc.
appearing on the Plumbing Drawings.

All floor drains installed on this project, including all kitchen floor drains and trough drains, shall
be equipped with trap primers. The trap primer and piping is not shown on the drawings and
shall be located in the filed by the Contractor as dictated by field piping conditions.

The Plumbing Drawings and Specifications are intended to supplement each other so that any
details shown on the Drawings and not mentioned in the Specifications, or vice-versa, shall be
executed the same as if mentioned in the Specifications and shown on the Drawings.

Refer to the Architectural, Structural, and other Mechanical and Electrical Drawings, which
indicate the construction in which this Work shall be installed. Locations shown on the plans
shall be checked against the general and detailed Drawings of the construction proper. All
measurements shall be taken at the Building.

VALVE TAGS, NAMEPLATES, AND CHARTS

All valves on pipes of every description shall have neat circular brass valve tags at least 1-1/2"
in diameter attached with brass hook to each valve stem. Stamp on these valve tags, in letters
as large as practical, the number of the valve and the service, such as "H.W., CW., GAS", for
hot water, cold water, and gas respectively. The numbers for each service shall be
consecutive. Where valves are located above ACT ceilings, furnish and install valve finder
ceiling tack, tack shall be minimum 7/8" diameter with 1/2" steel point, color as determined by
Owner.

All valves on tanks and pumps shall be numbered by 3" red metal discs with white humbers 2"
high, secured to stem of valves by means of small solid link brass chain, to correspond to
numbers indicated for valves on the Record Drawings and on two (2) printed detailed lists.
These printed lists shall state the numbers and locations of each valve and the fixture or group
of fixtures which it controls, and other necessary information such as requiring the opening or
closing of another valve or valves when any one valve is to be opened and closed, and shall be
prepared in form to meet approval of the Architect, and shall be framed under glass.

Nameplates, catalog numbers, and rating identifications shall be securely attached to Electrical
and Mechanical equipment with screws or rivets. Adhesives or cements will not be permitted.

PIPE MARKER IDENTIFICATION SYSTEM

Mark all piping installed under this Section and located in mechanical spaces, storage rooms,
above suspended ceilings, and at all Access Panels with a marking system in basic colors
conforming to those specified in A.S.A. #A-13. Markings shall indicate pipe content and
direction of flow. Markers shall be applied at all valves and tee joints, and on straight runs of
pipe at every 20'-0" o.c. Adhesive markings are not acceptable. Markers shall be painted on
under the scope of this Section or may be snap-on system.
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Clearly mark potable and non-potable water system with 3" wide colored bands every twenty-
five (25) feet on center on all piping installed whether it is concealed or exposed and also on
both sides of floor and/or wall penetrations. Mark potable water green and non-potable yellow.
Within 6" of each band identify with letter "Potable C.W.", Non-Potable H.W.", etc. Color of
letter shall match banding. Snap-on are not to be used

SANITARY, WASTE, VENT, KITCHEN GREASE WASTE AND VENT, AND STORM
SYSTEMS

Furnish and install complete Sanitary, Waste, Vent, Kitchen Grease Waste and Vent, and Storm
Drainage Systems (all hereinafter called Drainage Systems) to convey wastes from all Soil and
Waste Stacks, Fixtures, Equipment, Kitchen Fixtures, and Roof Drains as indicated and/or
described in these Plans and Specifications. Urinal waste shall be 2" cast iron or sizes
indicated on the drawings. Waste piping smaller than 3” shall not be used underground. The
use of double "Y's" in the horizontal shall not be permitted. All piping shall be installed straight
and true and located concealed within building construction.

All horizontal Drainage Systems Piping within the building, 3" and smaller, shall be pitched at
least 1/4" per ft. in the direction of flow. Drainage Piping 4" and larger shall be pitched at least
1/8" per ft. Make changes in direction of drainage lines with 45 wyes, long turn wyes, or sweep
bends.

Furnish and install all cleanouts indicated on the Drawings and/or where required in Drainage
Pipes regardless of size so that the distance between cleanouts does not exceed 45' o.c.
Cleanouts shall be installed at the base of all risers and at each change of direction.

Refer to drawings for termination points, which generally are connection to existing piping or to
10 feet outside the building.

The kitchen Grease Waste System shall be a completely separate system beginning at the
exterior grease interceptor through the kitchen and vented individually through the roof. Do not
connect soil lines to the grease waste nor sanitary vents to the grease vent. Furnish and install
the cast iron tees and associated piping within the grease trap including 5-foot length on the
outlet. All the piping within the grease trap shall be made up with caulked and leaded joints.
Install an exterior cleanout as detailed at the point where the line leaves the kitchen area.
Grease trap is furnished and set in place including manhole access covers by the General
Contractor.

SUBSOIL DRAINAGE SYSTEM

Furnish and install a complete sub-soil drainage system where shown and as detailed on the
Plumbing drawings and as herein specified. Excavation, fabric, stone, and backfill is furnished
under Division 31.

Run the piping straight and true & pitched evenly at the rate of 1/32 inches per foot. Wherever
crossing sanitary drainage piping run solid (non-perforated) piping for the sub-drain for a
distance of 10 feet to either side of the crossing.

Furnish and install flush cleanouts same as specified for sanitary drainage cleanouts.

Co-ordinate the location and elevation of the subsoil drainage system with the General
Contractor.
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1.16

A

DOMESTIC WATER SYSTEMS ( POTABLE & NON-POTABLE)

Furnish, install, sterilize, and test in accordance with the documents and the Plumbing Code,
complete potable and non-potable Domestic Cold, Hot, and Hot Water Recirculating Systems
including all piping, valves, low point drains, air chambers, hangers, insulation, backflow
preventers and water heating equipment. Clearly mark the systems as provided above. This
work shall start as indicated on the Drawings.

In general, piping shall pitch upward in the direction of flow with each branch and riser
separately valved and with 1/2" hose end drain on the outlet side of the valve and at all low
points in the system. Install shutoff valves for each battery of fixtures and other valves as
necessary to isolate any part of each system.

Install pipe air chambers on hot and cold water piping to each fixture. Air chambers shall be
same size as piping to fixtures by 24" high. This is in addition to all shock absorbers shown on
the Drawings and/or specified.

Install in each toilet room provided with a floor drain a 1/2" hose bibb chrome plated complete
with lock shield. The hose bibb shall be installed under a lavatory.

At all faucets connecting to the non-potable system whether furnished hereunder or by other
sections, provide a “water unsafe” sign.

EMERGENCY TEMPERED WATER SUPPLY

Furnish, Install, Sterilize and Test utilizing the same materials, methods, etc. as specified above
in 1.16. A tempered water supply to service all emergency showers and eye wash units. This
piping shall be hung and insulated the same as above. Piping shall start at the tempering valve
and shall include a time clock actuated automatic flushing and alarm system all as shown. Co-
ordinate the wiring installation with the Electric Sub-contractor. Furnish and install for wiring by
the Electrical Sub-Contractor a flow switch at each and every shower. Arrange piping so that
either the shower or eye wash will alarm the switch.

FUEL GAS SYSTEM

Furnish and install a complete Natural Gas Supply System including pipe, fittings, valves,
connections to all gas fired equipment requiring gas, and all accessories and incidentals as
indicated or specified. Installation shall be made in accordance with the State Gas Code
requirements. Piping shall be installed with an 8" long sediment leg at the base of all risers. All
changes in direction shall be made with plugged tees for cleaning piping out.

All horizontal Gas Piping shall be pitched not less than 1/4" in 15' to prevent traps. Pitch piping
to risers. Install an 8" long sediment leg at the base of all risers. All changes in direction shall
be made with plugged tees for cleaning piping out. All horizontal branch outlet pipes shall be
taken from the top or side of horizontal mains and not from the bottom.

Arrange with the Local Gas Company for the installation of the gas meters, services, and gas
pressure regulators. Refer to section DIVISION 01 — GENERAL REQUIREMENTS for
information regarding Utility Company Charges.

Provide seismic restraints for all gas piping per requirements of 1612.7.4 of the Mass. Building
Code. Refer also to Section 230548.
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1.20

The system is a 2 PSI elevated pressure system. Plumbing Sub-Contractor shall furnish and
install all required regulators for his equipment to reduce the pressure to the appropriate range
of the factory supplied equipment. The HVAC Sub-Contractor is furnishing knockdown
regulators for equipment supplied by him. Co-ordinate with the HVAC Sub-Contractor and be
responsible for assuring compatibility of the regulators with the following. All regulators shall be
lock-up type meaning that the regulated pressure is always maintained in all ranges of flow
including no flow.

SPECIAL WASTE AND VENT SYSTEM

Furnish and install a complete Special Waste and Vent System to convey waste from all
laboratory fixtures and equipment as shown on the Drawings and/or herein specified and in
accordance with Code requirements. The system shall be a complete independent system,
using corrosion resistant piping from a point 10 feet outside building, running through a
neutralization system and terminating independently through the roof. Furnish and install
Neutralizer and Ph monitor where shown.

Piping shall be run as indicated on the Drawings, properly secured to the building structure with
iron hangers. When any end circuit vent pipe from any fixture or line of fixtures is connected to a
vent line serving other fixtures, the connection shall be sufficiently more above the floor on
which the fixtures are located to prevent the use of the vent line as a waste (6" above flood rim
of fixture).

All changes in pipe sizes and direction on Special Waste lines shall be made with 'Y's and
cleanouts, reducing fittings or recessed reducers. 'Y's and 45 degree fittings or 45 degree
combination fittings shall be used wherever possible.

All offsets shall be at an angle of not more than 45 degrees. All horizontal runs of 3" and smaller
pipe shall have a pitch of 1/4" to the foot; 4" and larger pipe shall pitch at 1/8" to the foot.

Sanitary long sweep bends shall be used for connections to branch lines for fixtures and TY's
on vertical runs of pipe only. Long turn fittings shall be used wherever conditions permit. Furnish
and install cleanouts at every change in direction of Special Waste lines and where indicated on
the Drawings.

All fixtures shall be separately trapped. All traps shall be vented unless otherwise indicated on
the Drawings for fixtures in battery vent systems. Provide bow vents where island benches are
not part of a battery system.

EQUIPMENT FURNISHED BY OTHERS

Miscellaneous items, including but not necessarily limited to the following, shall be furnished
and set by others as specified in other SECTIONS of the Documents.

Laboratory Casework

Dishwashers

Laboratory Sinks

Kitchen Equipment

Home Economics Equipment

Miscellaneous Sinks

Photo Lab

Noobkrwbh=~
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1.21

1.22

1.23

Verify the extent of the connection requirements from the General and Mechanical Plans and
Specifications and be responsible for: Setting in place, all such sinks and furnishing and
installing trim and roughing including, but not limited to, drains, vent, water, gas, air or other
plumbing piping, traps, tailpiece, nipples, escutcheons, faucets, stop valves, etc., for all items
which above are not so supplied. The equipment sections specify sinks including faucets and
tailpieces as well as countertop turrets for gas. Include for all sinks which are installed in cabinet
work a pair of 1/2" ball valve stops (same as specified under 2.04) and a rough bronze p-trap,
special waste trap, or sediment trap as required.

Include a "Bakelight" stamped adhesive marker at each faucet indicating "Water Unsafe" as
called for in 1.16 above.

The Plumbing Subcontractor shall be responsible in making final connections to all equipment
furnished by others to ascertain complete cross-connection prevention compliance and to
furnish and install vacuum breaker and backflow preventers which may be required to be Code
compliant and are not so furnished with the equipment.

All sinks are intended to be "Accessible" and all drain outlets on all sinks and lavatories where
furnished by the Plumbing Subcontractor or the other SECTIONS shall have an off-set drain.
Set all roughing tight to wall in all cases to comply with ADA Standards. Provide where required
ADA insulation kits to prevent injury where a barrier is not included in the casework. Refer to
Equipment Drawings.

PAINTING

All exposed piping is to be painted and all painting, except as noted, will be done by the
Painting Subcontractor. All uncovered piping and hangers shall be thoroughly cleaned of rust,
oil, etc., by the Plumbing Subcontractor and left ready to receive primer coat. Painting for pipe
markings shall be done under this Section.

BREAKDOWN

Submit a breakdown of the contract price to aid the Architect in determining the value of the
work installed as the job progresses.

No requisition will be approved until the breakdown is delivered to the Architect.

VISIT TO SITE

Prior to submitting a Bid, visit the site of work and become familiar with existing conditions. Any
assumptions made are at this Subcontractor's expense.

PLUMBING
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PART 2 - PRODUCTS

2.1 GENERAL
A. All materials and equipment furnished under this SECTION shall be new, unused, first quality of
a manufacturer of established reputation. Each valve, fitting, section of pipe, piece of
equipment, etc., shall have cast or indelibly stamped thereon the manufacturer's name,
pressure rating where applicable, type, etc. Materials shall conform to Massachusetts Code as
a minimum requirement and shall appear on the Massachusetts Approved Plumbing Products
list.
2.2 PIPE AND FITTINGS
A. Pipe and fittings shall conform to the latest A.S.A., A.S.T.M., C.A., and F.S. standards.
B. All piping installed under this SECTION shall be in accordance with the following:

Service Material

Underground Domestic Class 52 cement lined ductile
Water Service iron pipe

Service weight cast iron
soil pipe-coated

Underground Drainage
and Vent piping

No Hub cast iron soil
pipe and fittings
(C.1.S.P.1. 301-75)

Above ground Drainage and
Vent, piping 2" and larger

Above ground drainage, and
Vent piping 2" and smaller

Type ‘L’ hard tempered
copper tubing

Trap primer piping from
Primer to floor drain

Domestic water piping
above ground (potable
& non-potable)

Kitchen indirect waste
piping

Exposed piping at
fixtures and in kitchen

Special Waste and Vent
Piping above ground
(not in plenums)

Type ‘K’ soft rolled
copper tubing with
Swaged ends

Type ‘L’ hard tempered
copper tubing

Type ‘L’ hard tempered
copper tubing coated

with two (2) coats of white
epoxy paint

Schedule 40 chrome
plated red brass I.P.S.

Schedule 40 electric heat

fused flame retardant poly-

propylene piping, fittings & traps;

“George Fischer Fuseal” or approved equal

PLUMBING
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Special Waste & Vent Schedule 40 electric heat
Piping below ground fused non-flame retardant poly-

propylene piping; fittings & traps,
“George Fischer Fuseal” or approved equal

Gas piping above ground ASTM A-53 Schedule 40

black steel pipe
Gas piping exposed in kitchen ASTM A-53 Schedule 40 steel but
and at cooking island painted with two (2) coats of

white epoxy paint

Footing & Subsoil drainage pipe Schedule 40 PVC non-pressure
Pipe with perforations conforming
to ASTM Standard D2729. Where
crossing sanitary use 20 feet of
non-perforated P.V.C.

C. Aboveground Water Piping:
1. Copper Press Fittings: %" thru 2”
2. Manufacturers:
a. Viega North America, 3 Alfred Circle, Bedford, MA 10730, 877-843-4262
b. Ridge Tool Co., 400 Clark Street, Elyria, OH 44036, 800-519-3456

3. Material:
a. ASTM B88 and ANSI/ASME B16.22. O-rings for copper press fittings shall be
EPDM.
4. Installation, Fittings for Copper Tubing:
a. Press connections: Copper press fittings and installation are to be made in strict

accordance with the manufacturers installation instructions. All tubing is to be
reamed prior to the installation of the fitting. The tubing shall be fully inserted into
the fitting and the tubing marked at the shoulder of the fitting. The fitting alignment
shall be checked against the mark on the tubing to assure the tubing is fully
engaged (inserted) in the fitting. The joints shall be pressed using the tool
approved by the manufacturer.

b. All ball and check valves and strainers used on water pipe systems and installed in
a copper press system are to be sweat type and specified for all water piping.

D. Fittings for underground Drainage Piping shall be service weight bell and spigot pattern C.I. soil
pipe fittings. Above ground shall be no hub C.I. soil pipe fittings, Massachusetts Standard.

E. Fittings for sweat drainage piping shall be cast bronze or wrought copper of recessed drainage
pattern.

F. Fittings for Type 'L' hard tempered copper tubing for potable and non-potable water piping shall
be cast bronze or wrought copper sweat type, water pattern fittings.

G. Fittings for polypropylene acid-waste and acid vent (special waste system) shall be Schedule 40
polypropylene fittings with electrical resistance heat fusion joints as manufactured by George
Fischer or equal. All underground pipe and fittings shall be bedded, jointed, backfilled with
materials and methods outlined by the manufacturer's published instructions.

H. Fittings for gas piping 2” and smaller shall be threaded malleable iron gas pattern fittings for
screwed pipe. All gas piping 2-1/2” in size and larger shall be welded and shall utilize butt
welded steel pipe fittings.

PLUMBING
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2.3

24

Fittings for underground domestic water service shall be 250 psi gray iron cement lined fittings
with mechanical joint ends.

Fittings for subsoil drainage piping shall be drainage pattern schedule 40 P.V.C. fittings with
solvent end socket fittings all conforming to Mass. Standards.

JOINTS

Joints for underground cast iron bell and spigot soil pipe shall be made up with jute or oakum
packing, caulked with 16 oz. of molten virgin pig lead per nominal inch diameter of pipe or with
resilient gaskets. Above ground shall be made up of heavy duty — 4 band stainless steel
clamps, and gaskets conforming to Massachusetts Code. Husky “SD 4000”, Clamp - All HI-
TORQ 125, or Mission “HW”.

Copper tubing and sweat fittings shall be assembled with lead free solder, Silverbrite, or equal,
and a non-corrosive flux recommended by the manufacturer (includes waste piping and water

piping).

Joints between copper waste/vent tubing and cast iron shall be made with cast iron threaded
fittings and copper thread by sweat fittings.

Joints between copper tubing and ductile iron water pipe or at flanged joints to tanks shall be
made with a combination iron and brass flange with composition gasket and iron bolts.

Joints at water heaters or other tanks having threaded connections shall be made up with
dielectric unions.

Joints between floor or wall flanges and fixtures shall be made with one-piece special molded
neoprene gaskets which shall be furnished by the fixture manufacturer.

Threaded pipe joints including plastics shall be made up with teflon tape.

Joints on screwed gas piping shall be made up with thread compound on male threads only.
Welded joints shall be made up by certified welders. All joints on piping 2-1/2" and larger shall
be welded.

Joints on polypropylene acid waste and vent up to the outlet side of all traps shall be made up
with electrical resistance fused joints utilizing manufacturer supplied power unit. Slip joints shall
be used only in the final makeup connection between the trap and sink tailpiece. Vertical risers
shall have vertical expansion joints at 20" intervals. Horizontal runs shall have expansion joints
in accordance with manufacturer's recommendations.

Make up all joints on P.V.C. subsoil drainage pipe with solvent welding cement and cleaner
made up in accordance with manufacturer’s detailed instructions.

VALVES

Furnish and install valves where indicated on the Drawings or where specified and located so

that they may be operated, repaired, or replaced with a minimum effort and repacked under
pressure.

PLUMBING
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2.5

The following list of valves is intended only as a guide for type and quality. Valves shall be as
manufactured by Walworth, Apollo, Jenkins, Watts or approved equal.

Shutoff valves 2" and Apollo #70-202 through

smaller #70-208 solder end ball valves

Shutoff valves, 2-1/2" Apollo #70-109 and #70-100

and 3"

Balancing valves Apollo# 70-222 through
#70-228 with memory stop

Gate valves 4" and larger Jenkins 651-A

Stop and waste valves Apollo #95-203 through

1" and smaller #95-205

Check valves Walworth #406 SJ

Gas service stops, Apollo #70-102-07 through

2" and smaller #70-108-07 with tee handle

Gas service stops, Rockwell #143 lubricated

2-1/2" and larger plug valve

Drain valves Apollo #78-103-01 or #78-203-01

ball valve with cap and chain
1/2" x 3/4" hose end

Backwater Valve (Drainage Systems) Zurn #21095 with extension to grade.

INSULATION

Insulation for all water piping and all horizontal roof leaders whether concealed or exposed shall
be 1" thick, heavy density, preformed snap-on insulation equal to Johns Manville Micro-Lok HP,
850 degrees snap-on system. Insulation for cold water piping shall have a factory applied vapor
barrier with ends and butts sealed with overlapping 4" sealing strips.

Valves, fittings, and the underside of roof drain bodies shall be insulated with pre-formed
fiberglass fitting insulation cut from dense fiberglass blanket and covered with pre-molded
P.V.C. fitting covers. P.V.C. covers shall overlap the adjoining insulation and shall be secured
with pressure sensitive vinyl tape over a vapor barrier adhesive seal at the joints. (Note:
Staples or tacks are not permitted on covers).

All insulation shall have self-sealing type, all service jacket (ASJ-SSL) factory applied. At
exposed piping areas in locker room or gymnasium cover jacket with continuous p.v.c. jacket.

Sealers, solvents, tapes, and adhesives, and mastics used in conjunction with the installation of
insulation under this Section shall possess the maximum possible fire safe qualities available
and shall be NFPA approved.

Covering shall be applied over clean and dry surfaces. No covering shall be applied until after
the approval of all pressure and leakage tests.
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F.

26

2.7

2.8

29

Insulation shall be as manufactured by Johns Manville, Inc., Owens-Corning Fiberglass
Corporation SSL 1I-ASJ, or Knauf Insulation 1000. Insulation shall be applied by skilled
insulation mechanics in a first class manner.

TRAPS

Furnish and install traps with cleanouts on all fixtures and equipment requiring connection to the
sanitary system of the same size and material as the pipe on which they occur. Traps installed
on threaded pipe shall be recessed drainage pattern.

Traps for the special waste system shall be Sloan polypropylene 'P' traps to suit installation.
Traps shall be one-piece or shall utilize electric resistance connection. All traps shall be fitted
with a cleanout plug.

DRAIN VALVES

It shall be possible to drain the water from all sections of the Potable and Non-Potable Hot and
Cold Water Piping. Furnish and install 1/2" x 3/4" hose end ball valves with cap and chain. (see
2.04 for model no.)

SHOCK ABSORBERS

Furnish and install, where shown on Drawings and where required to prevent water hammer,
Zurn Manufacturing Company Series Z-1700 shock absorbers, or equal, as manufactured by
J.R. Smith Manufacturing Company or Josam Manufacturing Company. Installation of
absorbers shall be as per manufacturer's recommendations.

PIPING ACCESSORIES

Pressure and Temperature Relief Valves shall be A.S.M.E. rated temperature relief 210° F.
double BTU rated, self-closing, as manufactured by Watts Regulator Company or equal by
Wilkins or McDonnell and Miller.

Vacuum reliefs shall be Watts Regulator Company #36 or equal by Wilkins or Lawler.

Temperature gauges shall be 4-1/2" diameter dial thermometers, any angle and range, 40
degrees F. to 240 degrees F. as manufactured by Albert A. Weiss and Sons, Inc., U.S. Gauge,
or Trerice.

Pressure gauges shall be 4" diameter with a range of 0 to 150 psi as manufactured by U.S.
Gauge.

Furnish and install on the Hot Water Pipe, expansion joints and anchors sized for 1-1/2"
expansion per one hundred feet. Expansion joints shall be as manufactured by Flexonic
Company or equal by Metraflex, Hyspan, or equal. Piping shall be anchored and guided to force
the expansion in the proper direction.

Furnish and install where indicated on Drawings, Watts Regulator Company reducing valve and
strainer combination size as indicated on the Drawing or equal, as manufactured by Donnelly
Products Company or McDonnell and Miller.
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G.

2.10

2.11

212

Trap primer connections are required on all floor drains to maintain trap seal. The requirement
for trap primer connections shall include all floor drains in the kitchen including trough drains
furnished by others. Trap primers shall be Precision Plumbing Products, Inc. Model P/N-PR-
500 prime-rite trap-primer valve or shall, where appropriate, be Zurn, Josam, Smith or equal in-
line connections installed on lavatory or sink supply.

WALL HYDRANT AND HOSE BIBB

Wall hydrants shall be Zurn Series Z-1310 Ecolotrol cast brass 3/4" non-freeze wall hydrant with
integral backflow preventer, 3/4" hose connections, polished nickel bronze face, loose key
handle, brass wall sleeve, and fitted with brass locknut.

Hose bibb shall be T & S Brass or equal model #B-720 modified, chrome plated, 3/4" hose end,
integral stop, vacuum breaker, modified with lock shield and loose tee handle.

CLEANOUTS

Cleanout plugs on the Sanitary System shall be of heavy cast brass of the screwed type. Plugs
shall be full size up to and including 4".

For piping running under floor slab, cleanouts shall be brought up to just under the floor slab
level. Furnish and install access cover for all floor-type cleanouts, Zurn ZN-1400 Series with
scoriated nickel bronze or equal by Josam or Smith. In the garage area and at exterior
locations use Zurn model #Z-1474 cleanout housing set over brass cleanout plug.

Cleanouts for Special Waste System shall be as follows:

1. On polypropylene pipe, use Zurn #Z9A-C04 polypropylene cleanout plug.

2. Below floor - Bring cleanout plug to below floor level and use Zurn #ZANB-1463-VP
nickel bronze scoriated floor access cover mounted on Shamrock Industries concrete
sleeve. See detail on drawings.

ACCESS DOORS

Furnish Access Doors for access to all concealed control valves, cleanouts, valves, expansion
joints, and to all other concealed parts of the Plumbing System that require accessibility for the
proper operation and maintenance of the system. These doors shall be installed under the
appropriate SECTION of the Specifications as determined by the surface upon which the panels
are mounted.

All Access Doors shall be located in a workmanlike manner in closets, storage rooms, and/or
other non-public areas, positioned so that the valve or part can be easily reached, and the size
shall be sufficient for this purpose (minimum size 12" x 16"). Furnish Access Doors for each
pipe space to permit thorough inspection of same. When access doors are required in corridors,
lobbies, or other habitable areas, they shall be located as directed by the Architect.

Access doors shall be prime painted and completed with cylinder lock and two (2) keys as
manufactured by Acudor, Inland Steel Products Company "Milcor", or Walsh-Hannon-Gladwin,
Inc., "Way Loctor". Type shall be as follows:

1. Acoustical Tile Ceiling Acudor AT-5020

2. G.W.B. Surfaces Acudor DW-5040

3. Masonry Construction Acudor UF-5000
PLUMBING
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4. Fire Rated Construction Acudor FB-5060
D. Access Door Shop Drawings shall be submitted to the Architect for approval.
2.13 SUPPLEMENTARY STEEL, CHANNEL, AND SUPPORTS

A. Furnish and install all supplementary steel, channels, and supports required for the proper
installation, mounting, and support of all equipment.

B. Supplementary Steel and Channels shall be firmly connected to building construction in a
manner approved by the Architect.

C. The type and size of the Supporting Channels and Supplementary Steel shall be determined by
the Plumbing Subcontractor and shall be sufficient strength and size to allow only a minimum
deflection in conformance with the manufacturer's requirements for loading.

D. All Supplementary Steel and Channel shall be installed in a neat and workmanlike manner
parallel to the walls, floor, and ceiling construction. All turns shall be made with 90° fittings, as
required to suit the construction and installation conditions.

2.14 HANGERS, ANCHORS, GUIDES, AND PIERS

A. All piping shall be supported from the Building Structure by means of approved hangers and
supports. Piping shall be supported to maintain required grading and pitching of lines, to prevent
vibration, and to secure piping in place, and shall be so arranged as to provide for expansion
and contraction.

B. The spacing for hangers for horizontal piping shall be in accordance with the following:

1. Cast Iron Soil Pipe: 5'-0" at the hubs for 5' lengths. For 10' lengths, use one (1) hanger at
the hub and one (1) at midpoint of the length.
2. Copper Tubing: 6'-0" o.c. for 1-1/4" and smaller, and 10'-0" o.c. for 1-1/2" and larger.
3. Steel Pipe: 10'-0" o.c. for 1-1/2" and over; 8' - 0" for 1-1/4"; 6' — 0" for 1" and smaller.
4 Polypropylene acid waste: 4'-0" o.c.
C. Hanger rod diameter shall be as follows:
Pipe Size Rod Diameter
1/2" thru 2" 3/8"
2-1/2" and 3" 1/2"
4" and 5" 5/8"
6" 3/4"
8" and over 7/8"
D. Vertical lines shall be adequately supported at their bases by a suitable hanger placed in the

horizontal line near the riser and at every 10' interval.
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2.15

All Hangers (including those for acid-waste) shall be adjustable Clevis Hanger. Hanger rods
shall have machine threads. Malleable iron brackets of approved type shall be used along the
walls. All Hangers for copper tubing shall be copper plated except where pipe is insulated, in
which case, Steel Clevis Hanger and pipe shield shall be used.

Piping shall not be hung from the hangers of other trades.

Provide seismic restraints for all new piping per requirements of 1612.7.4 of the Mass Code and
Section 230548.

Hangers shall be manufactured by Grinnell, Carpenter and Paterson, Fee and Mason, or equal.
Wire and strap hangers will not be permitted in this installation.

Install a 14 gauge metal pipe shield between pipe insulation and all pipe hangers. Hangers
shall be sized so that the pipe insulation passes through the hanger and is supported on the
shield.

DRAINS

Furnish and install all floor drains where shown on the Drawings. Furnish all roof drains for
installation by the General Contractor.

All floor drains in flooring systems without waterproofing membranes shall have galvanized iron
clamping rings with 6-pound lead flashing to bond 9" in all directions. All drains shall be
checked with Architect's Drawings to determine depth of the flashing collar. Brass extension
pieces shall be provided if necessary.

All floor drains installed on this project shall be fitted with Automatic Trap Primer Connections.
Field determine appropriate location for Trap Primer valve and drain piping.

Drain Schedule:

1. Type "A" - Zurn #ZN-415B-P dura coated cast iron body floor drain with clamping collar
and with 6" dia. nickel bronze adjustable strainer head. Trap primer connection.

2. Type "B" - Zurn #Z-550-Y-P dura coated cast iron body floor drain, sediment bucket, cast
iron grate. Trap primer connection

3. Type "C" - Zurn #ZC-100-C-E-EA-GD-R cast iron body roof drain, under-deck clamp,
galvanized cast iron dome secured, cast iron extension. Refer to Architect's Drawings for
height of insulation.

4, Type "D" - Zurn #Z-1910-25-P cast iron body sanitary floor drain, white acid resisting
interior and A.R.E. sediment bucket, 8" x 8" nickel-bronze frame and grate. Trap primer
connection.

5. Type "E" - Zurn #Z-1910-25-P cast iron body sanitary floor drain, white acid resisting
interior and A.R.E. sediment bucket, 6” Nickaloy Funnel. Trap primer connection.

6. Type “F” - Zurn #2-1901-25-2 12” x 12" x 8” deep A.R.E. cast iron floor drain with A.R.E.
bucket and half grate.

7. Type “G” — Zurn #ZN-1970-K-P-25, acid resistant cast iron body floor drain with trap
primer connection, acid resisting sediment bucket, clamping collar, nickel bronze top,
caulk bottom outlet, secured grate with vandal proof screws.

8. Type “H” — Zurn #Z-556-G-Y galvanized cast iron, adjustable top, sediment bucket fitted
with Z1099-G galvanized cast iron backwater valve.

PLUMBING
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2.16

9. Type "I" - Zurn #Z-512-G-Y-VP Galvanized heavy duty cast iron body sediment bucket,
heavy duty ductile iron secured grate, caulk bottom outlet.

PLUMBING FIXTURES

Furnish and install all fixtures and equipment, including supports, connections, fittings, and any
incidentals, to make a complete installation in accordance with the Drawings and as specified.

The Architect shall be final judge as to whether fixtures and trim fulfill the requirements of the
Specifications and as to whether they are of suitable quality.

All fixtures requiring hot and cold water shall have the cold water faucet on the right hand side
of the fixture and the hot water faucet on the left hand side of the fixture.

Escutcheons shall be furnished and installed on all supplies and traps. Escutcheons shall be
one (1) piece chrome plated brass with set screws.

All fixtures shall have the manufacturer's guaranteed label or trademark indicating first quality.
All acid resisting enameled ware shall bear the manufacturer's symbol signifying acid resisting
material.

Unless otherwise specified, faucets and all exposed fittings shall be chromium plated.

All supply pipes shall run in a reasonable straight vertical line from the stops to faucets. Traps
shall be installed perpendicular to walls.

Vitreous china and acid resisting enameled fixtures shall be of one manufacturer by Kohler,
American Standard, or Eljer; Trim shall be Symmons, Speakman, Chicago, or T & S Brass;
Flush valves shall be Sloane, Delaney, or Zurn XL Series.

Note: All fixtures and fittings shall be vandal proof mounted, unless specifically noted
otherwise.

Carefully coordinate roughing for flush valves so that the dimension from top of fixture to C-L of
flush valve is a minimum of 6".

Special Note: There are several age groups accommodated in this building and therefore there
are different mounting heights. Irrespective of the heights called for on the Documents, be
responsible to re-verify in writing in field before installing any roughing for any fixture.

Fixture Schedule:
1. P-1 Water Closet:

Toto CT708E vitreous china wall hung water closet complete with EcoPower TET1LN
sensor operated water conserving flush valve designed for 1.28 gal./flush max.

Toto SC534, solid plastic white, open front seat with check hinge.
Zurn carrier as required to suit.

Carefully coordinate with Architect's plans to fit in wall. Use Z-1209 where required by
field conditions.
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2. P-1A Water Closet, Accessible:

Same as specified for P-1 except mounting height and location shall meet Accessibility
Standards.

The mounting heights are variable. Refer to Architect's Drawing and request direction in
field in writing before installing.

3. P-2 Urinal:
Sloan WES-1000, water free urinal, wall hung, wall outlet, vitreous china.

Zurn Z-1222 concealed support.

4. P-2A Urinal, Accessible:

Same as specified for P-2 except urinal height and location shall conform to Accessibility
Standards. Note that there are variable heights and locations on this project. Refer to
Architect’s Drawing and request direction in field in writing before installing.

5. P-3 Wall Hung Lavatory:

Toto LT307, wall mounted 21" x 18-1/4" vitreous china lavatory, single hole, punched for
concealed armchair carrier.

Symmons Scot S-60-H, 4” centers, metering faucet, 0.5 GPM rose spray, with Symmons
5-210-CK adjustable thermostatic mixing valve located under lavatory complete with in-
line check stops. Faucet shall be set for 10 second run time.

McGuire Model 155-WC, 1-1/4" offset drain with open grid strainer.

McGuire Model H-167 (pair) C.P., 3/8 IPS angle supply with loose key stop.

McGuire Model B-8902 C.P., 1-1/4" x 1-1/2" cast brass adjustable 'P' trap with cleanout
and #17 ga. tubing outlet to wall.

Zurn #Z-1231 floor mounted concealed arm chair carrier.

Conceal all exposed roughing and electrical wiring components under lavatory with
Truebro Model #2018 rigid pvc enclosure.

6. P-4 Mop Receptor:

Stern-Williams Model MTB-2424, 24” x 24” x 10", mop service basin with stainless steel
rim guard on  exposed sides, 3" caulk connection, stainless steel strainer. Include
caulking and sealant to seal between unit and finished wall and floor.

Chicago 897-CP service sink fitting, polished chrome, brace to wall, integral screwdriver
stops, vacuum breaker, 3/4" hose end, install a 1/2” check valve on the supplies &
provide access panel.
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7.

10.

1.

P-5 Drinking Fountain with Bottle Fill:

Filtrine 107-16-H, #4 satin finish stainless steel, flex-guard bubbler, easy touch push
button actuator, with intergral push back lever valve bottle fill. ADA compliant.

1-1/4" x 1-1/2" rough p-trap with cleanout; 1/2" ball valve stop.

P-6 Sink, Accessible:

Elkay LRAD-1919-Q single bowl, 19" x 19" x 5-1/2” deep self rimming countertop
mounted, 18 GA type 304 stainless steel sink with offset rear outlet; three (3) hole
punched faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #201-AGN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LKAD-35 crumb cup strainer with 1-1/2" offset tailpiece and stainless steel ground
seat stopper.

1-1/2" x 2" chrome plated P-trap with cleanout, waste outlet with escutcheon.
Pair of 1/2" x 3/8" supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation kit.

P-7 Shower:

Symmons Engineering Company #3-310 “Showeroff” package unit consisting of self-
closing, concealed valve with #4-295B Fre-Flo Institutional Head, 1.5 GPM, vandal-proof
mounted.

At each shower location furnish and install a 2” Type “A” Floor Drain and a 16 oz. sheet
copper drain pan turned up 6” on sides and with soldered seams.

Refer to details on Architect's Drawings for exact size of drain pan.

P-7A Shower, Accessible:

Symmons 1-25-FSB-E-VB Safetymix Pressure Balancing Mixing valve with lever handle,
factory pre-set temperature limit stops, FS hand spray unit with 1.5 GPM flow restrictor, in-
line vacuum breaker, 60” flexible hose, 30” wall mounted slide bracket rod with heavy duty
(250 Ib) anchors.

At each shower location furnish and install a 2” Type “A” Floor Drain and a 16 oz. sheet
copper drain pan turned up 6” on sides and with soldered seams.

Refer to details on Architect's Drawings for exact size of drain pan.

P-8 Art Room Sink:

ELKAY DLR-3322-10 single bowl, 33" x 22" x 10” deep self rimming countertop mounted,
18 GA type 316 stainless steel sink with center outlet; three (3) hole punched faucet ledge
& quick clip mounting system, sound deadening underside.
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12.

13.

14.

Chicago #201-AGN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LK-35-316 crumb cup strainer with 1-1/2” tailpiece and type 316 stainless steel
ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall.

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

P-8A Art Room Sink, Accessible:

Elkay LRAD-1919-Q single bowl, 19" x 19" x 5-1/2” deep self rimming countertop
mounted, 18 GAtype 316 stainless steel sink with offset rear outlet; three (3) hole
punched faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #201-AGN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LKAD-35-316 crumb cup strainer with 1-1/2” offset tailpiece and type 316 stainless
steel ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall. (Rough as tight to wall as feasible).

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation kit.

P-9 Art Room Sink, Double Bowi:

ELKAY DLR-3322-10 double bowl, 33" x 22" x 10” deep self rimming countertop mounted,
18 GA type 316 stainless steel sink with center outlet; three (3) hole punched faucet ledge
& quick clip mounting system, sound deadening underside.

Chicago #201-AGN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LK-35-316 crumb cup strainer with 1-1/2” tailpiece and type 316 stainless steel
ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall.

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

P-9A Art Room Sink, Double Accessible:

Elkay LRAD-3319-Q double bowl, 33" x 19" x 5-1/2" deep self rimming countertop
mounted, 18 GAtype 316 stainless steel sink with offset rear outlet; three (3) hole
punched faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #201A-GN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.
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15.

16.

17.

Elkay LKAD-35-316 crumb cup strainer with 1-1/2” offset tailpiece and type 316 stainless
steel ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall. (Rough as tight to wall as feasible).

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation Kit.

P-10 Photo Sink:

ELKAY DLR-1919-10 single bowl, 19" x 19" x 10” deep self rimming countertop mounted,
18 GA type 316 stainless steel sink with center outlet; three (3) hole punched faucet ledge
& quick clip mounting system, sound deadening underside.

Chicago #201-AGN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LK-35-316 crumb cup strainer with 1-1/2” tailpiece and type 316 stainless steel
ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall.

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

P-11 Photo Sink, Accessible:

Elkay LRAD-1919-Q single bowl, 19" x 19" x 5-1/2” deep self rimming countertop
mounted, 18 GA type 316 stainless steel sink with offset rear outlet; three (3) hole
punched faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #201-AGN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LKAD-35-316 crumb cup strainer with 1-1/2” offset tailpiece and type 316 stainless
steel ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall. (Rough as tight to wall as feasible).

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation kit.

P-12 Clothes Washer:

Symmons #W-602-X Laundry-Mate Supply and Drain Fixture, recessed mounting box 1/2"
hot and cold water connections, 2" waste connection, integral stops and check valves on
supplies.
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18.

19.

20.

21.

22.

23.

P-13 Emergency Shower/Eye Wash:

Guardian Equipment GBF2150, recessed barrier free omni-flow combination Emergency
Shower and Eye/Face Wash with ceiling mounted exposed shower head (brace to wall)
and drain pan. Shower head shall be 10" stainless steel deluge shower with stay open
ball valve, 30 GPM flow control, rigid stainless steel pull rod, omni-flow full face spray
head with stainless steel push flag and stay open C.P. brass ball valve, flip cover on face
wash.

Furnish and install Guardian Ap275-615 flow switch which shall be wired to give an alarm
by Section 260000.

P-14 Emergency Shower Mixing Valve:

Provide at the location shown on the Drawings a Leonard Model TM-800-IT thermostatic
mixing valve with inlet thermometers.

P-15 Drinking Fountain:

Filtrine 107-14, #4 satin finish stainless steel, flex-guard bubbler, easy touch push button
actuator, ADA compliant.

1-1/4" x 1-1/2" rough p-trap with cleanout; 1/2" ball valve stop.

P-16 Science Classroom Sink:

Science classroom sinks will be epoxy resin integral with the countertop by Section
064020.

Chicago #930-GN8BVB-E7CPJKCP concealed deck faucet with 8" swing gooseneck
spout with atmospheric vacuum breaker, 204 cross handles, E7TFCJKCP 0.74 GPM
removable serrated hose nozzle.

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

P-17 Science Classroom Sink, Accessible:

Science classroom sinks will be epoxy resin integral with the countertop by Section
064020.

Chicago #930-GN8BVBE7-317CP concealed deck faucet with 8" swing gooseneck spout
with atmospheric vacuum breaker, 317 indexed wrist blade handles, E7TFCJKCP 0.74
GPM removable serrated hose nozzle.

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

Insulate trap and supplies with J-ADA-150 insulation kit.

P-18 Grease Interceptor:

Zurn #Z 1170, Series 700/800, recessed mounted, recessing receiver, acid resistant
coated interior and exterior, grease interceptor, complete with flow control fitting.
Size as indicated on drawing.
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24.

25.

26.

27.

P-19 Recessed Drinking Fountain:

(Provide 2 complete units at each fixture designation)

Elkay EDFB12C Barrier Free Recessed, Drinking Fountain, #4 satin finish stainless steel,
flex-guard bubbler, push button actuator, ADA compliant.

Coordinate installation with Architect and request direction in field in writing before
installing. (Provide two complete units, one mounted hi and one low. Refer to
Architectural drawings for mounting heights.)

1-1/4" x 1-1/2" rough p-trap with cleanout; 1/2" ball valve stop.

Coordinate with Architect’'s Drawings.

P-20 Band Room Sink, Accessible:

Elkay LRAD-1919-Q single bowl, 19" x 19" x 5-1/2" deep self rimming countertop
mounted, 18 GAtype 316 stainless steel sink with offset rear outlet; three (3) hole
punched faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #201A-GN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8" lever handles, E-2805 0.5 GPM aerator.

Elkay LKAD-35-316 crumb cup strainer with 1-1/2” offset tailpiece and type 316 stainless
steel ground seat stopper.

Zurn #ZA-1180 acid-resistant interior and exterior fabricated steel solids interceptor
mounted on floor tight to wall. (Rough as tight to wall as feasible).

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation kit.

P-21 Dual Gas Turret (180°):

Chicago #981-909CAGCP combination valve and turret with two ball valves at 180, E7TC
removable serrated hose nozzle with check valve and lever handles with gas service
buttons.

Coordinate installation with Architect and request direction in field in writing before
installing.

P-22 Control Box:

At each Science Classroom provide a Isimet Series 4000 Utility controller with door panel
mounted switches to activate remote solenoid valves to control non-potable water, natural
gas, and electrical outlets at work stations. Controller shall be equipped with a key
activated safety switch and door panel mounted panic button assembly. Controller shall
be integrated with the building energy management system and monitored by the building
alarm system.
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28.

20.

30.

31.

32.

33.

P-23 Dual Gas Turret (90°):

Chicago #982-VR909CAGCP combination valve and turret with two ball valves &t 90
E7TC removable serrated hose nozzle with check valve and lever handles with gas
service buttons.

Coordinate installation with Architect and request direction in field in writing before
installing.

P-24 Science Cup Sink:

Science cup sinks will be epoxy resin intregal with the countertop by Section 064020..

Chicago #930-VRCP concealed deck faucet with 6" swing gooseneck spout with
atmospheric vacuum breaker, 204 cross handles, E7 removable serrated hose nozzle.

Pair of 1/2" x 3/8” supplies with stops and escutcheons.

P-25 Gas Turret:

Chicago #980-VR909CAGCP single valve and turret, E7TC removable serrated hose
nozzle with check valve and lever handle with gas service button.

Coordinate installation with Architect and request direction in field in writing before
installing.

P-26 Wash Fountain (3 Station):

Bradley Wash Fountain Model SS-3/IR'WH TMA, express lavatory system three (3)
station wall hung, Terrion, ADA compliant, color selected by Architect, complete with
heavy duty wall hanger support, skirt. Include a plug in transformer for providing power
to the thermostatically mixed electronic faucet. Unit to be pre-set for 30 second run time.

2” trap and pair of 1/2” ball valve stops.

P-27 Master Shower Mixer:

Symmons #5-400-B” TempControl thermostatic controller with swivel action check stops,
removable cartridge with strainer, stainless steel piston and liquid filled thermal motor with
bellows element mounted out of water volume control shut off valve, bi-mental dial
thermometer (3” face, range 20 degrees- 240 degrees F.), chrome plated brass pipe,
fittings, and unions to cabinet limits. Cabinet to be 16 gauge body, 12 gauge door, hinged
with cylinder lock, stainless steel finish cabinet and doors. Top feed units.

P-28 Eye Wash:

Guardian Model G5022 deck mounted eyewash spray station with self closing squeeze
valve, heads with hinged covers, 8’ rubber hose and countertop mounting bracket.

At the location shown on the drawing furnish and install a Lawler 911E emergency
thermostatic mixing valve with a flow rate of .5 to 10 GPM, bypass capability and stainless
steel cabinet. Mixing valve shall be located in recessed type 304, 18 ga., stainless steel
cabinet with #4 finish. Include cylinder lock with two keys.
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34.

35.

36.

P-29 Exam Sink, Accessible:

Elkay LKAD-1919-Q single bowl, 19" x 19" x 5-1/2” deep self rimming countertop
mounted, 18 GA type 304 stainless steel sink with offset rear outlet; three (3) hole
punched faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #201A-GN8A-E2805-5CP concealed deck faucet with 8" swing gooseneck spout,
2-3/8 lever handles, E-2805 0.5 GPM aerator.

Elkay LKAD-35 crumb cup strainer with 1-1/2" offset tailpiece and stainless steel ground
seat stopper.

1-1/2" x 2" chrome plated P-trap with cleanout, waste outlet with escutcheon.

Pair of 1/2" x 3/8" supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation kit.

Furnish and Install Guardian Model G5022 deck mounted eyewash spray station with self
closing squeeze valve, heads with hinged covers, 8’ rubber hose and countertop mounting
bracket.

At the location shown on the drawing furnish and install a Lawler 911E emergency
thermostatic mixing valve with a flow rate of .5 to 10 GPM, bypass capability and stainless

steel cabinet. Mixing valve shall be located in recessed type 304, 18 ga., stainless steel
cabinet with #4 finish. Include cylinder lock with two keys.

P-30 Kitchen Sink, Accessible:

Elkay LKAD-1919-Q single bowl, 19" x 19" x 5-1/2” deep self rimming countertop
mounted, 18 GA type 304 stainless steel sink with offset rear outlet; four (4) hole punched
faucet ledge & quick clip mounting system, sound deadening underside.

Chicago #200-AL8-E2805-CP concealed deck faucet with 8" swing L-type spout, 2-3/8
lever handles, E-2805 0.5 GPM aerator.

Elkay LKAD-35 crumb cup strainer with 1-1/2" offset tailpiece and stainless steel ground
seat stopper.

1-1/2" x 2" chrome plated P-trap with cleanout, waste outlet with escutcheon.
Pair of 1/2" x 3/8" supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation kit.

P-31 Kitchen Sink:

Elkay LR-1919-Q single bowl, 19" x 19" x 7-1/2” deep self rimming countertop mounted,
18 GA type 304 stainless steel sink with offset rear outlet; four (4) hole punched faucet
ledge & quick clip mounting system, sound deadening underside.

Chicago #200-AL8-E2805-CP concealed deck faucet with 8" swing L-type spout, 2-3/8
lever handles, E-2805 0.5 GPM aerator.
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2.18

2.19

Elkay LKAD-35 crumb cup strainer with 1-1/2" offset tailpiece and stainless steel ground
seat stopper.

1-1/2" x 2" chrome plated P-trap with cleanout, waste outlet with escutcheon.
Pair of 1/2" x 3/8" supplies with stops and escutcheons.

Insulate trap and supplies with LKAD-150 insulation Kkit.

37. P-32 Master Gas Control Valve:

Acudor ARVB stainless steel box for concealed mounting constructed of 16 gauge
stainless steel, 12" x 12" x 4" deep, with hinged stainless steel door, #4 satin polish,
cylinder lock and loose key. Door and interior of box shall be labeled so as to indicate
"Emergency Gas Shutoff". Valves shall be bronze body, double seal, full flow ball type
with Buna-N seats, seals, and ‘O’ ring packing, 300 PSI working pressure, quarter turn on-
off control.

BACKFLOW PREVENTERS

Main line backflow preventers, 1" and larger, shall be reduced pressure type furnished complete
with shutoff valves, Massachusetts Approved, and shall be Watts #909 all bronze complete with
strainer and soft seated check valve or equal by Beeco or Wilkins. Size shall be as indicated on
Drawings. Mount backflow preventer 3'(+/-) above finished floor. Provide indirect waste funnel
and run pipe to an air gapped discharge at sink or floor drain. Furnish a spare parts kit and
parts list mounted in the vicinity of the device.

Prior to the installation of devices in the name of the Owner file for, pay for, and obtain all
required permits and approvals for cross connection control devices from the Authority having
Jurisdiction.

UNION AND NIPPLES

All connections between copper tubing and galvanized piping or between copper tubing and all
tanks (such as water heaters, chillers, etc.) shall be made with dielectric unions and nipples.

All connection to Water Heaters, Meters, Pumps, and other equipment requiring maintenance or
alteration shall be made up with unions. Unions on brass piping, 2" and smaller, shall be brass
composition "E" in strict accordance with Federal Specification WW-U-516. On plastic piping,
use unions of the same material as the piping.

All close and shoulder nipples shall be corresponding materials as the pipe and shall be extra
heavy.

SUSPENDED ELECTRIC WATER HEATER (WH-1 & WH-2)

Furnish and install where shown on the drawings a RUUD Model ELDS 30 electric water heater,
30 gal. tank, two (2) 3,000 watt elements wired for simultaneous operation 208V, 3 phase, 60

cycles. Refer to detail on Drawings.

Provide support securely anchored to wall and structure.
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2.20

A

2.21

2.22

INSTANTANEOUS ELECTRIC WATER HEATER (WH-3 & WH-14)

Furnish and install where shown on the drawings Eemax Model 820 8T instantaneous electric
water heater mounted under sinks, 208V, 1 phase, 40 Amp. Refer to detail on Drawings.

Provide support securely anchored to wall and structure.

DOMESTIC WATER HEATER (WH-15 thru WH-19)

Furnish and install where shown on the Drawings for generating hot water, tankless gas fired
direct vent water heater. Water heater shall be Navien Model NR-240A-NG having a maximum
natural gas input of 199,000 BTU/hr. Water heater shall have the A.G.A. seal of certification
and shall meet ASHRAE Standard 90 energy efficient standards. Water heater shall also be
supplied with oxygen depletion sensor, overheat limiter, built-in electric blower, 120 volt power
cord, and condensate neutralizer. Water heater shall be factory assembled, including a
pressure regulator properly adjusted for operation on natural gas; and energy cutoff. Complete
unit shall have a maximum temperature setting of 120 degrees F. and operate at a minimum
flow of 0.5 GPM.

Furnish and install Category lll stainless steel intake and vent, as specified in paragraph 2.20,
up through roof or sidewall. Type “B” vent is not permitted.

DOMESTIC WATER HEATER (WH-20A & WH-20B Penthouse)

Furnish and install where shown on the Drawings for generating hot water, gas fired storage
type water heaters. Water heater shall be A.O. Smith "Cyclone" Model BTX-80 high efficiency
condensing water heaters for non-potable science room system 80 gallon storage with input of
76,000 BTU/Hr.

Furnish and install where shown on the Drawings for generating hot water, gas fired storage
type water heaters. Water heater shall be A.O. Smith "Cyclone" Model BTH-199 high efficiency
condensing water heaters for 3" and 4" floor system and tepid water system 100 gallon storage
with input of 199,9000 BTU/Hr.

The heater shall be suitable for sealed combustion direct venting. Heater shall be factory
assembled, including a pressure regulator properly adjusted for operation on natural gas, and
tested. The power burner shall be of a design that requires no special calibrations on start up.
The heater shall be approved for 0” clearances to combustibles.

Water heater shall have the A.G.A. seal of certification and shall meet ASHRAE Standard 90
energy efficient standards. Tank shall have a working pressure rating of 150 psi and shall be
equipped with a boiler-type hand-hole cleanout. Water heaters are to be ASME stamped.

Expansion Tank: Furnish and install as shown on plans a (12) gallon, pre-charged steel thermal
expansion tank with a fixed FDA approved butyl bladder. The tank shall have a top NPT
stainless steel system connection and a .301" - 32 charging valve connection (standard tire
valve) to facilitate the on-site charging of the tank to meet system requirements. The tank must
be constructed in accordance with Section VIII of the ASME Boiler and Pressure Vessel Code
and stamped 150 psi working pressure. Tank shall be Wessels model number TTA-12 or
approved equal.
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2.23

2.24

2.25

Breeching: Furnish and install 4” breeching for a total equivalent distance of 120 feet as shown
on plans for the domestic water heater as per manufacturer's recommendations. Breeching
shall be installed to meet all applicable federal, state and local laws, codes and requirements.

TEMPERING VALVES

Furnish and install where shown for temperature control at the domestic storage tank, Leonard
Valve Company TM-920-RF-DT-TC High-Lo Thermostatic Water Mixing Valve, inlet check-
stops, outlet volume/shutoff valve, dial thermometer, and test connection. Valves are to be
furnished in rough bronze finish and are to be factory assembled and tested.

Furnish and install where shown for temperature control at the non-potable water heater
Leonard Valve Company, Type TM thermostatic mixing valve size as indicated with integral
check-stops, outlet volume/shutoff valve, and dial thermometer. Valves are to be furnished in
rough bronze finish and are to be factory assembled and tested.

Furnish and install a 4" diameter thermometer on the outlet side of the tempering valve and
where indicated on the Drawings as manufactured by U.S. Gauge Company, Powers Regulator
Company, and/or Trerice Company.

RECIRCULATING HOT WATER PUMPS

Circulators shall be all-bronze booster type, by Bell & Gossett, Taco "Red Baron", or Thrush.
Sizes as shown on the Drawings.

Furnish and install, where shown on the Drawings, an immersion aquastat, Honeywell #L-4006-
A set to start and stop pump at a 10 degree differential temperature.

AIR INTAKE AND EXHAUST BREECHING, CHIMNEYS AND STACKS

The air intake and exhaust vents shall be of the double-wall, factory-built type for use on
condensing appliances or pressurized venting systems serving Category Il, 1ll or IV appliances
or as specified by the equipment manufacturer.

Maximum temperature shall not exceed 550°F.

Vent shall be listed for an internal static pressure of 6” w.g. and tested to 15” w.g.

Vent shall be constructed with an inner and outer wall, with a 1” annular insulating air space.

1. The inner wall (vent) shall be constructed of AL29-4C superferritic stainless steel, .015
thickness for 4”-12” diameters and .024 thickness for 14”-24” diameters.

2. The outer wall (casing) shall be constructed of type 430 stainless steel, .018 thickness for
47-12” diameters and .024 thickness for 14”-24” diameters.

3. Inner and outer walls shall be connected by means of spacer clips that maintain the

concentricity of the annular space and allow unobstructed differential thermal expansion
of the inner and outer walls.

All parts exposed to the weather shall be stainless steel.

All supports, roof or wall penetrations, terminations, appliance connectors and drain fittings,
required to install the vent system shall be included.
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G. Roof penetration pieces shall be UL listed and provided by the vent manufacturer.

H. All inner vent connections shall be secured by means of profiled connector bands with gear
clamp tighteners. Joints shall be sealed with waterproof sealant. Where exposed to weather,
the outer closure band shall be sealed to prevent rainwater from entering the space between
inner and outer walls.

l. Vent shall terminate in accordance with installation instructions and local codes.

J. Manufacturers: Subject to compliance with requirements, provide all steel, insulated, positive
pressure double wall vents of one of the following:

1. Metal-Fab, Corr/Guard Model CG
2. Selkirk Heat-Fab Saf-T Vent CI
3. Schebler eVENTplus
4. or approved equal
2.26 ACID NEUTRALIZATION SYSTEM
A. Furnish and install complete acid neutralization and PH monitoring systems including all piping,
equipment, and interconnection power and control wiring from power panel to all components.
Power to panel is furnished under the Electrical Section of the Specifications. Plumbing
Subcontractor is responsible to furnish and install using properly licensed personnel all conduit
and wiring between the panels and monitoring points. All materials and methods used for this
wiring shall be consistent with the requirements of section 260000. Furnish for installation by
General Contractor, access hatch detailed on drawings.
B. System shall be as manufactured by Burt Process Equipment and consist of the following:

1. Acid neutralizing tanks shall be polyethylene; Model AVS and be fitted with inlet, outlet, and
vent connections as detailed on Drawings. Tanks shall be installed as shown on the
drawings. Include full charge of limestone chips and a second charge of chips.

2. PH sensors shall be compatible with controller, encapsulated electrodes with automatic
temperature compensation, measuring range of 0-14 PH sensitivity, and have 2 conductor
shield cable.

3. PH receivers to accept 4-20 MA signal, with both digital and simulated analog display
capabilities.

4. The recorders shall be strip chart type, single pen with a 2-5/16" chart width. The chart shall
record for a minimum of 30 days. The unit shall operate on a 0-1 MA signal with a power
requirement of 115v AC 60 Hz.

5. Receivers and recorders shall be housed in a NEMA IV styrene enclosure with single
weatherproof door.

6. Control panels shall be completely pre-wired and pre-tested, NEMA |V type enclosure, wall
mounted, hinged and locked front panel with components as follows:

Receiver/Analyzer

Strip Chart Recorder

PH Out of Spec Hi/Lo Alarms
System On/Off Switch

Alarm Test and Silence Buttons

Papow

7. U-Trap Assembly shall be heat fusion jointed polypropylene pipe and fittings with an
extension section to house the effluent PH probe.
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A

2.28

A

2.29

A.

8. All components and instrumentation for the neutralization systems shall be furnished for
installation from a single source and shall be installed in strict accordance with the
manufacturer's recommendations.

9. System calibration and start-up shall be included in the package provided by the
manufacturer. The manufacturer shall also be responsible for conducting a training
seminar for the site facilities people prior to the system being turned over to the Owner
(minimum 4 hours).

10. The manufacturer, as part of his package, shall be responsible for making not less than
three visits during the first year of operation to check up on the workability of the system.

GAS SOLENOID VALVE

Gas solenoid valve where shown on the Drawings shall be normally closed FM approved
manually reset gas solenoid valve ASCO “Red-Hat” Series 8044. Valves shall operate on
120volt power and shall close the gas flow on the main gas feed to the Kitchen cooking
equipment as detailed on the drawings.

TRENCH DRAIN

Furnish and install as shown on the Plumbing Drawings, Zurn Z-812 12” wide pre-sloped trench
drainage system. Glass filled polyester fiberglass drain channel with 1/8” per foot bottom slope.
All sections modular 10 foot lengths with interlocking ends complete with heavy-duty Dura-
Coated steel frame with anchor studs at surface, combination anchor tabs/leveling devices at
appropriate locations and extra heavy-duty cast iron grate with lockdowns.

WATER METER

Furnish and install water meter with inlet strainer in accordance with the standards of the Local
Water Department. Coordinate the installation with the water department and include in the
Plumbing Bid the cost of the meter. Refer to Part 1 of this section regarding assessments, and
the like.

PART 3 - EXECUTION

3.1

A

B.

3.2

A.

WORKMANSHIP AND INSTALLATION METHODS

All work shall be installed in a first-class manner consistent with the best current practices. All
materials shall be securely installed plumb and/or level, and all flush mounted equipment shall
have front edge flush with finished wall surface.

All piping shall be installed true to line and grade in the case of underground piping. All piping
above ceilings or exposed shall be grouped together, be parallel to each other, and be either
parallel or perpendicular to the structure. Utilize gang hangers wherever feasible. Group all
valves together where feasible.

WORK COORDINATION AND JOB OPERATIONS

The equipment shall not be installed in congested and possible problem areas without first
coordinating the installation of same.
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3.3

3.4

Particular attention shall be directed to the coordination of piping and other equipment installed
in the ceiling areas. Coordinate the elevations of all piping in hung ceiling areas to insure
adequate space for the installation of recessed lighting fixtures before other mechanical
equipment is installed.

Furnish to the General Contractor, and all other Subcontractors, all information relative to the
portion of the Plumbing installation that will affect them, sufficiently in advance so that they may
plan their work and installation accordingly.

In case of failure to give proper information as indicated above sufficiently in advance, pay for
all back-charges for the maodification, renovation, and relocation of any portion of the work
already performed.

Obtain from the other trades, all information relative to the Plumbing Work to be executed in
conjunction with the installation of their respective equipment.

CUTTING AND CORE DRILLING

Perform all cutting and core drilling operations that are outlined in Part 1 of this SECTION.
Throughout the performance of the cutting and coring work, ensure that the structural integrity
of the walls, floors, overhead structure, and other structural components, which are to remain, is
maintained until permanent work is installed. Prior to any coring or cutting, verify all locations of
same with the General Contractor. All cutting and coring is to be performed in accordance with
approved Coordination Drawings

Cut all masonry and concrete with an approved diamond blade concrete saw in a neat straight
direction, perpendicular to the plane of the wall or floor.

Use a core drilling process which produces clean, sharp edges and the minimum hole size
which will accommodate the size of pipe sleeve specified. Submit procedures for cutting thru
existing steel beams to Architect for review.

The patching of holes shall be performed by Plumbing Sub-contractor utilizing methods outlined
for the finish trade involved. Holes shall be patched to the satisfaction of the Architect.

CLEANING AND PROTECTION

Protect all materials and equipment during shipment and so as to prevent damage. Water
closets, lavatories, and sinks shall be boarded over and all other fixtures shall be protected with
pasted on paper. Post notice prohibiting the use of the fixtures prior to completion. Assume full
responsibility for protection of work until its completion and final acceptance.

Keep the premises reasonably clean at all times and remove rubbish caused by the Plumbing
Work as directed by the Architect.

Upon completion of this work, clean all fixtures and equipment installed herein and replace
damaged parts. Failure to fulfill this obligation will result in back-charges for correction of the
defective work.
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3.5

3.6

SLEEVES, INSERTS, AND ESCUTCHEONS

All piping passing through slabs, floors, walls, and partitions shall be sleeved and all such
sleeves shall be furnished and installed by the Plumbing Subcontractor as detailed on the
Drawings and herein specified. Set sleeves in concrete floors and walls as soon as forms are
set and before concrete is poured. Core drilling openings shall have a sleeve caulked and
leaded in place.

All pipes passing through floor, whether slab-on grade or above grade levels, shall be sleeved
with sleeve extending 1" above floor. This includes all piping in toilet room pipe space,
stairwells, closets, partitions and pre-cast planks.

All sleeves shall be Schedule 40 galvanized steel and shall be reamed. There shall be a
minimum of 1" annular space between the sleeve and pipe provide greater clearance where
seismic requirements dictate. Sleeves on insulated pipe shall be large enough to allow
insulation to pass through sleeve. Sleeves on drywall, masonry, or concrete walls and partitions,
shall be flush with wall on both sides.

The space between sleeve and pipe in all cases shall be filled with a U.L./F.M. approved
caulking compound. This includes pipes concealed in chases and/or partitions.

Inserts where required shall be furnished and set by the Plumbing Subcontractor and where
necessary may be drilled or power driven and shall be sized such that the insert will not exceed
a depth of penetration of 1" into concrete.

Escutcheons: All exposed pipe, uncovered, passing through walls or floors or ceilings shall be
fitted with C.P. brass spun or split type escutcheons with approved clamping device for holding
in position. Floor escutcheons shall be deep enough to fit over sleeves, fastened to pipe, and
extend down to floor.

TESTING
Test all Work in the presence of the Architect and/or Engineer and as required by Local Codes.

After Soil, Storm, Special Waste, and Vent Piping is in place and before being buried or furred
in, plug lower ends and fill the system with water up to the top of stacks. Piping is to be left tight
under these conditions and water lever shall be maintained intact for the period of at least four
(4) hours.

Test all water piping by applying a hydrostatic pressure of 150 PSIG using a pump for this
purpose. Make sure that all lines are properly plugged or capped and that air has been vented
before applying pressure which shall remain constant without pumping for two (2) hours at least.

Test gas piping per State Gas Code.

Any leaks in joints or evidence of defective pipe on fittings disclosed by test shall be
immediately corrected by replacing defective parts with new joints or materials. No makeshift
repair effected by caulking threaded pipe with lead wool, application or Wilky or patented
compounds will be permitted.
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3.7 CHLORINATION
A. Upon completion of the Plumbing Work, thoroughly chlorinate the entire domestic water system

3.8

before putting same in service. The chlorinating agent shall be as a solution of sodium
hypochlorite. Water shall be fed slowly into the new line with chlorine in the proper amount to
produce a dosage of 40-50 PPM. Open and close all valves while system is being chlorinated.

After the sterilization agent has been applied for 24 hours, test for residual chlorine. A residual
of not less than 5 PPM shall be required in all parts of the line.

If test show at least 5 PPM of residual chlorine, flush out system until all traces of the chemical
used are removed.

INSTALLATION OF AIT INTAKE AND EXHAUST BREECHING, CHIMNEYS AND STACKS

VIBRATION CONTROL AND SEISMIC RESTRAINT: Refer to section 230548 and drawing VS-
1 for the appropriate support of each piece of equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

Install all steel, positive pressure, double wall gas vents in accordance with manufacturer's
installation instructions and UL listing. Maintain minimum clearances from combustibles
specified in UL listing.

Seal joints between sections of positive pressure vents in accordance with manufacturer's
installation instructions, and using only sealants recommended by manufacturer.

Support vents at intervals recommended by the manufacturer to support the weight of the vent
and all accessories, without exceeding loading of appliances.

Install barometric and thermostatically operated dampers in accordance with manufacturer's
instructions. Locate as close to draft hood collar as possible.

Clean breechings internally during installation, to remove dust and debris. Clean external
surfaces to remove welding slag and mill film. Grind welds smooth.

Temporary Closure: At ends of breechings and chimneys which are not completed or

connected to equipment, provide temporary closure which will prevent entrance of dust and
debris until installations are completed.

END OF SECTION
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SECTION 220800
COMMISSIONING OF PLUMBING SYSTEMS

PART 1 - GENERAL

1.01

1.02

1.03

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

OPR and BoD documentation are included by reference for information only.

SUMMARY

This Section includes general requirements that apply to implementation of the commissioning
process without regard to specific systems, assemblies, and components.

Related Sections include the following:

1. Division 01 Section 01 9113 Commissioning General Requirements for general
commissioning process activities.

2. Division 22 — Plumbing

DEFINITIONS

Commissioning Plan: A document, prepared by CxA, that outlines the organization, schedule,
allocation of resources, and documentation requirements of the commissioning process. This
Plan is included in Volume 4 of these specifications. These Checklists are included in the
Commissioning Plan which is in Section 4 of these specifications.

CxA: Commissioning Authority.

Quality Assurance: A program for the systematic monitoring and evaluation of the various
aspects of a system, assembly, or component to ensure that standards of quality are being met.

This is the responsibility of the CxA.

Quality Control: A system for ensuring the maintenance of proper standards in systems,
assemblies, and components. This is the responsibility of the Contractor.

Official: State or Local official having jurisdiction over the conveying systems

Systems, Assemblies, Equipment, and Components: Where these terms are used together or
separately, they shall mean “as-built” systems, assemblies, equipment, and components.

COMMISSIONING OF PLUMBING SYSTEMS
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PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.01

3.02

3.03

CONSTRUCTION CHECKLISTS

The CxA shall provide Construction Checklists to the Contractors for execution that will indicate
expected Quality Control features required for a highest-quality installation. The contractor shall
complete the checklists as construction progresses and return them to the CxA as indicated in
Section 01 9113 Commissioning General Requirements.

Checklists for this section will include:
Plumbing fixtures and equipment
Domestic hot water heaters
Recirculation pumps

Mixing Valves

Backflow preventers

Domestic Water system

Gas piping and distribution

Safety showers and eyewash stations

ONoTORrWNE

A sample installation checklist is included to show the typical scope and rigor of the process.

PREREQUISITES TO TESTING

Prior to the testing of these systems or assembilies, the Contractor shall certify that:

1. The system or assembly is completely installed, functional, and documented.

2. Work performed by other trades, but essential for this system or assembly’s operation, is
complete (e.g., electrical components are wired and power is provided)

3. All contractor-performed start-up procedures and tests are complete and documented.

4. The system or assembly is ready for the Owner to take beneficial use.

SYSTEM OR ASSEMBLY TEST REQUIREMENTS

The CxA will provide Functional Performance Test procedures to the Contractor for execution
for the following specific systems, assemblies, and components:

1. Plumbing fixtures and equipment

2. Domestic hot water equipment and systems

Acceptance criteria and test details will be in accordance with the related sections including the

following:

1. Division 01 Section 01 9113 Commissioning General Requirements for general
commissioning process activities.

2. Division 22 — Plumbing

Checklists for this section will include:

1. Plumbing fixtures and equipment
2. Domestic hot water heaters

3. Recirculation pumps

4, Mixing Valves

COMMISSIONING OF PLUMBING SYSTEMS
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5. Safety showers and eyewash stations

D. A sample functional performance test is included to show the typical scope and rigor of the
process.

3.04 TEST REPORTS
A. Provide copies of all reports required in the listed reference sections (see Section 1.02

SUMMARY above for the sections) for review.

3.05 SAMPLE FORMS

COMMISSIONING OF PLUMBING SYSTEMS
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Sample Installation Checklist
General Plumbing Pipe Installation
Schedule ID# from drawings: Piping System: Location
Reference Specification: 15400
Reference Drawing:
Model Verification
Specified Submitted Installed
Construction Miscellaneous
Standards
Installation Checks
ID Description Pass/fail Comsment
Water piping :
1. Below ground water service piping 4" and larger shall be cement L]
1 lined ductile iron pipe and fittings.
2. Above ground potable and non-potable water systems: %"-4” Type L]
L copper tubing with soldered joints.
Gas Piping:
1. Aboveground exterior and interior gas and vents shall be schedule
2 40 steel pipe [
2. Fittings 2-1/2” and less shall be screwed type for 3” and larger shall L]
be welded.
Verify sleeves are installed for pipes passing through concrete walls or
3 | floors, %" air space around pipe to sleeve and sealed to make smoke/fire [
proof.
Verify that proper provisions for expansion and contraction of the hot water
4 | piping systems piping is provided by means of pipe bends, pipe offsets, L]
swing connections or changes in direction of piping.
Verify that hose and drain valves are provided for complete draining of the
5 ]
system.
6 Verify that all high point in closed water piping systems have either 0]
equipment venting or manual vents installed.
Natural Gas piping:
1. Verify piping pitches to drains at drip legs at least 6” long.
2. Verify shut off valve is installed at each equipment connection on 0]
7 the downstream side of any regulators and installed in accessible O]
location.
3. Piping is securely fastened, separately hung and not strapped or N
supporting other devices.
Identification:
1. Verify color coded piping identification makers on piping systems
are installed including flow direction markings: markers installed: on 0]
8 each side of wall penetrations, at each valve, at tee fittings, and 001
base of risers, marking spacing not to exceed.
2. ldentify equipment such as pumps, compressors, water heaters,
and tanks with names and equipment numbers.
Verify Plumbing piping, fittings, and valves Insulation: L]
All interior water piping. L]
9 1. Equipment including Heat exchanger and cold water chiller. LI
2. All aboveground rainwater piping including drain bodies. L]
3. All piping in exterior furred ceiling spaces and overhangs. LI
4. All horizontal waste piping receiving cold water condensate L]

COMMISSIONING OF PLUMBING SYSTEMS
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5. All water heaters. L]
6. At handicapped sinks not equipped with a protective shroud.
Approvals (only one required)
Name (printed neatly) Sighature Date

Contractor/Manuf. Rep.

Engineer

Construction
Administrator

Commissioning Agent

COMMISSIONING OF PLUMBING SYSTEMS
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Functional Performance Test
Plumbing Fixtures

1. Participants

Name/Representing

Participation (Testing, Witness, etc)

Owners Representative

Party filling out this form

Date of test

2. Prerequisite Checklist

a. [] An as-built version of the plumbing drawing has been provided.

b. [] The plumbing contractor has certified that their internal commissioning is complete and the
project is ready for third-party verification. PC initials: . Date:

c. [] The general contractor has certified that the construction is substantially complete and ready
for third-party verification. GC initials: . Date:

3. Functional Testing Procedures

Test Test Expected Pass/Fa
Sequen | Fixture Type Procedure Results il Comments
ce
Operate each Fixtures will
faucet and operate and
water closet to drain.
verify water Automatic
connections flush valves
and pressure. will not cause
1 Fixtures splashing. For
sinks and
lavs, hot water
will be on the
left, cold on
the right.
Measure hot Water temp
water shall not
2 Fixtures temperature at exceed
each sink and 115degrees
lavatory.
Operate all All Sensor
Electronic operated
3 Fixtures Sensors fixtures
shall respond
as designed
END OF TEST

END OF SECTION 220800
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SECTION 230000
HVAC
(Trade Bid Required)
Trade Contractors on this CM at Risk project are required by law to provide Payment and
Performance Bonds for the full value of their Trade Contracts, and Trade Contractors must

include the full cost of the required Payment and Performance Bonds in the Bid price they submit
in response to this RFB.

Bids will only be accepted from Trade Contractors pre-qualified by the Awarding Authority.
PART 1 - GENERAL

1.1 GENERAL PROVISIONS
A. Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections within
DIVISION 01 - GENERAL REQUIREMENTS which are hereby made a part of this Section of
the Specifications.
B. Time, Manner and Requirements for Submitting Sub-Bids: Refer to “Request for Trade Bid-
Trade Subcontract.”

1.2 DESCRIPTION OF WORK

A. Work Included: Provide labor, materials and equipment necessary to complete the work of this
Section, including but not limited to the following:

1. All Work of Section 230000 HEATING, VENTILATING & AIR CONDITIONING
2. All Work of Section 230548 — VIBRATION CONTROL & SEISMAIC RESTRAINT

3. Refer to Construction Manager’s “Request for Bid - Trade Subcontractor- Bid Package-
HEATING, VENTILATING & AIR CONDITIONING WORK,” for additional information

4. Filed Sub-Sub Bid Class of Work: Reference Paragraph
a. INSULATION 26,37
b. SHEETMETAL & ACCESSORIES 219, 2.20, 2.21, 2.22, 2.23, 3.20,

3.21,3.23, 3.24, 3.23, 2.24
C. AUTOMATIC TEMPERATURE CONTROL  2.28, 3.29
d. AIR & WATER BALANCING 3.30

END OF SECTION
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SECTION 230000

HVAC
(Filed Sub-Bid Required)
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SECTION 230000

HVAC
(Filed Sub-Bid Required)

PART 1 - GENERAL

1.1

1.2

1.3

A

GENERAL PROVISIONS

Attention is directed to the Contract and General conditions and all Sections within Division 01 —
GENERAL REQUIREMENTS, which are hereby made a part of this Section of the
Specifications.

Examine all other Sections of the Specifications for requirements that affect work of this Section
whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
RELATED DOCUMENTS

All of the Contract Documents, including Drawings, General and Supplementary Conditions and
Division 1 - General Requirements, apply to the Work of this Section.

Carefully examine all of the Contract Documents for requirements which effect the Work of this
Section. The exact scope of Work of this Section cannot be determined without a thorough
review of all specification Sections and other Contract Documents.

WORK TO BE PERFORMED

The work described herein shall be interpreted as work to be done by the HVAC Subcontractor.
Work to be performed by other trades will always be specifically referenced to that trade.

Furnish all staging, rigging, temporary support, labor, materials, and perform all operations in
connection with the installation of the HVAC work.

Without limiting the generality thereof, the work to be performed under this Section includes
complete new HVAC systems with the following major sub systems:

1. Low Pressure Water Piping, Insulation and accessories

2. Refrigeration Piping

3. Exhaust Fans

4, Ductwork With Insulation, Diffusers, Registers And Grilles

5. Terminal Heating Units including Unit Heaters, Fintube Radiation, Radiant Heating Panels
and Convectors

6. Pumps and Accessories

7. Rooftop Penthouse Enclosures

8. Boilers

9. Rooftop HVAC Units

10. Energy Recovery Ventilation Units

11.  Variable Air Volume Boxes

HVAC
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12. Make-Up Air Units
13.  Ductless Cooling Unit Systems
14.  Direct Digital Automatic Temperature Controls

D. Refer to section 230548 “Vibration Control and Seismic Restraint” for additional work to be
provided under this Section 230000.

E. Refer to Section 078400 “Firestopping and Sealants” for additional work to be provided under
this Section 230000.

F. It shall be the responsibility of this division 230000 to provide all personnel as required to fully
coordinate with the commissioning agent. The hours of training and instruction outlined in this
division 230000 and the Testing requirements shall be in addition to those tests and
requirements outlined in section 018100 and required to fulfill Section 018100 Commissioning

obligations.
G. Include the following work as needed to perform the work of this section.

1. Core drilling in accordance with Section 017320 — Cutting and Patching.

2. Cutting through non masonry construction in accordance with Section 017320 — Cutting
and Patching.

3. Temporary facilities, including but not limited to stairs and ladders, staging, scaffolding,
chutes and hoisting in accordance with Section 015000 — Temporary Facilities and
Controls.

4. Fire stop systems in accordance with Section 078400 — Fire stopping.

5. Furnish access doors and frames in accordance with Section 081110 — Hollow Metal

Doors and Frames.
H. For MA-CHPS requirements refer to Section 018113.
l. For mechanical system commissioning refer to Section 018100.

J. Change all air handling unit (RTU, AHU, ERV, HVU, MAU, DCU) filters as required by Section
018119 Indoor Air Quality Management Building flush out procedures and adhere to IAQ
Management Procedures referenced in Section 018119.

K. Sustainable Design Intent: Comply with project requirements intended to achieve a minimum
score of 34, measured and documented according to the Collaborative for High Performance
Schools — Massachusetts (MA-CHPS). Project scores will be verified by a third party certifier.

1. Refer to section 018113 — Sustainable Design Requirements, for material, procedure, and
documentation submittal requirements.

2. High efficiency filters — Install MERV 13 filters in all HYAC equipment requiring filtration
media immediately prior to occupancy.

3. Air intake location — Locate outside air intake openings a minimum of 25 feet from any
hazard or noxious contaminants such as chimneys, plumbing vents, cooling towers,
streets, alleys, parking lots, and loading docks. The distance between exhaust air or vent
outlets and air intakes should be the greater of 25 feet or the distance as determined by
MA State Building Code Equation 2801.2.2.2. Exception, when locating an air intake
within 25 feet of a contaminant source is unavoidable, such opening shall be a minimum
of 2 feet below the contaminant source and 10 feet horizontally from the nearest edge of
the air intake to the nearest edge of the contaminant source. All intakes must be 6 feet
above landscaped grade including soil, lawn, shrubs, or any plant life within 1.5 feet
horizontally of intake.

4. Electric ignition for gas-fired equipment. Standing pilot lights in gas-fired equipment are
prohibited. All gas-fired equipment shall utilize electric ignitions to light gas burners.

HVAC
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1.4

5. All air conditioning equipment provided under this project shall meet or exceed
mechanical equipment efficiency requirements outlined by the Advanced Buildings-
Benchmark Criteria. Refer to MA-CHPS 2006, Appendix A for efficiency values. If
mechanical equipment efficiencies specifically listed on the drawings are higher than the
Advanced Building Requirements, the higher efficiency equipment must be provided.

RELATED WORK UNDER OTHER SECTIONS

The following work is included in other sections. Coordinate the work of this section as required.

Cutting beyond the requirements as stated herein, and patching of all openings regardless of

size, is specified in the respective Sections of the trade responsible for furnishing and installing

similar new materials.

For temporary controls refer to Section 015000.

For flashing of vents through roof and setting of roof curbs and flashing of such, refer to Section
076200.

For power wiring of mechanical equipment refer to Section 260000.

For excavation and backfill of below grade mechanical and related systems refer to Section
312000.

For structural steel refer to Section 051200.
For firestopping not called for in this Section refer to Section 078400.

For finished painting of mechanical systems not called for in this Section refer to Section
099000.

For Food Service Equipment refer to Section 114000.
For interior concrete work relating to this Section refer to Section 033000.
For exterior concrete work relating to this Section refer to Section 033000.

Installation of hollow metal doors and frames refer to Section 081110 — Hollow Metal Doors and
Frames.

For MA-CHPS requirements refer to Section 018113.
For mechanical system commissioning refer to Section 018100.
Change all air handling unit (RTU, HVU, AHU, ERV, MAU, DCU) filters as required by Section

018119 Indoor Air Quality Management Building flush out procedures and adhere to IAQ
Management Procedures referenced in Section 018119.

HVAC
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1.5 CODES, ORDINANCES, AND PERMITS
A. Perform all work in accordance with the requirements of Concord Building Department, State of
Massachusetts Building Code, 8" Edition, and applicable State and Federal Laws. Give all
requisite notices, file all requisite plans, and obtain all permits required to perform HVAC Work.
B. For information on all local connection & permit fees, Refer to INSTRUCTIONS TO BIDDERS.
C. All HVAC equipment shall be installed to meet all State, Local and Federal sound ordinances.
1.6 QUALITY ASSURANCE
A. Codes and Standards:

1.

2.

3.

10.
11.
12.

13.

14.

15.

16.

17.

18.

HI Compliance: Design, manufacture, and install HVYAC pumps in accordance with Hl
Hydraulic Institute Standards".

UL Compliance: Design, manufacture, and install HYAC pumps in accordance with UL
779 "Motor Operated Water Pumps".

ANSI Standards: Comply with ANSI A13.1 for pipe, valve, and equipment identification.
I=B=R Compliance: Provide boilers that have been tested and rated in accordance with
Institute of Boiler and Radiator Manufacturers (I=B=R) "Testing and Rating Standard for
Cast Iron and Steel Heating Boiler", and bear |I=B=R emblem on nameplate affixed to
boiler.

NFPA Compliance: Install boilers in accordance with NFPA Standard 54.

ASME Compliance: Construct cast iron boilers in accordance with ASME Boiler and
Pressure Vessel Code, Section IV "Heating Boilers".

UL and NEMA Compliance: Provide boiler ancillary electrical components and safety
control devices, which have been listed and labeled UL, and comply with NEMA
Standards.

FM Compliance: Provide control devices and control sequences in accordance with
requirements of Factory Mutual System (FM).

IRl Compliance: Provided control devices and control sequences in accordance with
requirements of Industrial Risk Insurance (IRI).

AMCA Compliance: Test and rate air handling units in accordance with AMCA standards.
AGA Compliance: Provide gas controls and devices in accordance with American Gas
Associates.

ARI Compliance: Test and rate air handling units in accordance with ARI 430 "Standard
for Central-Station Air Handling Units", display certification symbol on units of certified
models.

ASHRAE Compliance: Construct and install refrigerant coils in accordance with ASHRAE
15 "Safety Code for Mechanical Refrigeration".

NFPA Compliance: Provide air handling unit internal insulation having flame spread
rating not over 25 and smoke developed rating no higher than 50; and complying with
NFPA 90A "Standard for the Installation of Air Conditioning and Ventilating Systems".

UL and NEMA Compliance: Provide electrical components required as part of air
handling units, which have been listed and labeled by UL and comply with NEMA
standards.

NEC Compliance: Comply with National Electrical Code (NFPA 70) as applicable to
installation and electrical connections of ancillary electrical components of air handling
units.

ETL Compliance: Induction Units/Active Chilled Beams shall be independently tested and
certified in accordance with ETL, UL or equivalent third party testing standards for thermal
performance, throw and sound data.

MA-CHPS: Install all HVAC systems in accordance with all current requirements.

HVAC
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1.7

1.8

MSS Standard Practices: Comply with the following standards for valves:

MSS SP-45: Bypass and Drain Connection Standard

MSS SP-67: Butterfly Valves

MSS SP-70: Cast Iron Gate Valves, Flanged and Threaded Ends

MSS SP-71: Cast Iron Swing Check Valves, Flanged

MSS SP-72: Ball Valves with Flanged or Butt-Welding Ends for General Service
MSS SP-78: Cast Iron Plug Valves, Flanged and Threaded Ends

MSS SP-80: Bronze Gate, Glove Angle and Check Valves

MSS SP-84: Steel Valves - Socket Welding and Threaded Ends

MSS SP-85: Cast Iron Globe and Angle Valves, Flanged with Threaded Ends
0. MSS SP-92: MSS Valve User Guide

SN~ WN =~

Automatic Temperature Control Contractor Qualifications: Branch Factory Owned Authorized
dealers specializing in manufacturing and installation of control system for not less than 10
years.
1. Codes and Standards:
a. Electrical Standards: Provide electrical components of control systems which have
been UL-listed and labeled, and comply with NEMA standards.
b. NFPA Compliance: Comply with NFPA 90A "Standard for the Installation of Air
Conditioning and Ventilating Systems" where applicable to controls and control
sequences.

DISCREPANCIES IN DOCUMENTS

Where Drawings or Specifications conflict or are unclear, advise Architect in writing before
Award of Contract. Otherwise, Architect’s interpretation of Contract Documents shall be final,
and no additional compensation shall be permitted.

Where Drawings or Specifications do not coincide with manufacturers recommendations, or with
applicable codes and standards, alert Architect in writing before installation.

If the required material, installation, or work can be interpreted differently from drawing to
drawing, for between drawings and specs, this contractor shall provide that material, installation,
or work which is of the more stringent.

It is the intent of these contract documents to have the contractor provide systems and
components that are fully complete and operational and fully suitable for the intended use.
There may be situations in the documents where insufficient information exists to precisely
describe a certain component or subsystem, or the routing of a system. In cases such as this,
where the contractor has failed to notify the Architect of the situation in accordance with
Paragraph (A) above, the contractor shall provide the specific component or subsystem with all
parts necessary for the intended use, fully complete and operational, and installed in
workmanlike manner.

CONTRACT DRAWINGS

All work shown on the Drawings is intended to be approximately correct to scale, but shall be
taken in a sense as diagrammatic. Sizes of pipes and general method of running them are
shown, but it is not intended to show every offset and fitting. To carry out the true intent and
purpose of the plans, furnish all necessary parts to make complete working systems ready for
use.

HVAC
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1.9

The HVAC Drawings and Specifications are intended to supplement each other so that any
details shown on the Drawings and not mentioned in the Specifications, or vice-versa, shall be
executed the same as if mentioned in the Specifications and shown on the Drawings.

Refer to the Architectural, Structural, and other Mechanical and Electrical Drawings which
indicate the construction in which this work shall be installed. Locations shown on the plans
shall be checked against the general and detailed Drawings of the construction proper. All
measurements must be taken at the building.

COORDINATION DRAWINGS

Coordination requirements specific to the Work of this Section include the following:

1. Before materials are purchased or work is begun, the respective Subcontractor shall
prepare and submit to the Architect Coordination Drawings showing the size, elevation
and location of his equipment, fixtures, ductwork, conduit, and piping lines relevant to the
complete system. He shall ensure that these drawings are compatible and correctly
annotated and cross-referenced at their interfaces.

2. Coordination drawings are for the Contractor's and the Architect's use during construction
and shall not be construed as replacing any shop or record drawings required elsewhere
in the Contract Drawings.

3. All coordination drawings shall be prepared in a large enough scale to accurately identify
work of each trade and in addition to each sub-contractors systems, shall also show
architectural floor plan, reflected ceiling plan, and structural framing with grid
identification.

4. The coordination drawing shall be prepared in AutoCAD (version 2010 or later) and shall
be started by the sheet metal sub-contractor and after applying all ductwork, the drawing
shall be submitted for ductwork approval by the engineer. After approval, the drawing
shall be circulated to the remaining sub-contractors for application of their work.

5. During coordination drawing preparation the sub-contractors shall meet periodically to
discuss overall coordination of all sub systems, and shall adjust their systems accordingly.
When all drawings are complete the general contractor shall submit to the architect and
engineers for review.

6. Areas of conflict that cannot be resolved between the sub-contractor must be flagged on
the drawings with adequate information to assist the architect and engineer in resolving
noted issues.

Refer to Section 013100 of these Contract Documents for general requirements and additional
procedures relative to the preparation of Coordination Drawings.

ACCESSIBILITY

Install equipment and materials to provide required access for servicing and maintenance.
Coordinate the final location of concealed equipment and devices requiring access with final
location of required access panels and doors. Allow ample space for removal of all parts that

require replacement or servicing.

Extend all grease fittings to an accessible location.

ROUGH IN

Verify final locations for rough-ins with field measurements and with the requirements of the
actual equipment to be connected.

HVAC
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1.12 PHASING

A. The mechanical subcontractor shall construct the subject project in phases as directed by the
Architect to suit the project progress schedule, as well as the completion date of the project.

B. For additional information related to phasing, review the General Conditions and Supplementary
Conditions and the Architectural drawings.

1.13 NOTIFICATION OF RELATED TRADES

A. Notify all other trades responsible for installing chases, inserts, sleeves, anchors, louvers, etc.
when ready for such installation and for final checking immediately before concrete is placed.
Cooperate with such trades to obtain proper installation.

B. Leave openings in walls for pipes, ducts, etc. for mechanical and electrical work as shown on
Drawings or required by layout of mechanical or electrical systems.

1.14 MECHANICAL INSTALLATIONS

A. Coordinate mechanical equipment and materials installation with other building components.

B. Verify all dimensions by field measurements.

C. Arrange for chases, slots, and openings in other building components to allow for mechanical
installations.

D. Coordinate the installation of required supporting devices and sleeves to be set in poured in
place concrete and other structural components, as they are constructed.

E. Sequence, coordinate, and integrate installations of mechanical materials and equipment for
efficient flow of the work. Give particular attention to large equipment requiring positioning prior
to closing-in the building.

F. Coordinate the cutting and patching of building components to accommodate the installation of
mechanical equipment and materials.

G. Where mounting heights are not detailed or dimensioned, install mechanical services and
overhead equipment to provide the maximum headroom possible.

H. Install mechanical equipment to facilitate maintenance and repair or replacement of equipment
components. As much as practical, connect equipment for ease of disconnecting, with
minimum of interference with other installations.

l. Coordinate connection of mechanical system with overhead utilities and services. Comply with
requirements of governing regulations, franchised service companies, and controlling agencies.

Provide required connection for each service.
1.15 CUTTING AND PATCHING
A. Penetrations through construction as required for the Work of this Section:

1. Coring: Perform all coring for required work.

HVAC
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2. Notify Masonry Sub-Contractor of exact locations and sizes for openings required in
masonry, to be executed under Section 042000 — Unit Masonry, utilizing lintels furnished
per Section 055000 — Metal Fabrications.

3. Cut openings in new and existing non-masonry construction where required for
penetrations. All cutting shall conform to the requirements of Section 017320 — Cutting
and Patching, and 024119 — Demolition.

4. Refer to Section 024119 — Demolition for restrictions on all alterations to structural
elements.

Patching at penetrations through construction as required for the Work of this Section:

1. Notify Masonry Sub-Contractor when plumbing work is complete at penetrations through
masonry construction, and ready for patching under Section 042000 — Unit Masonry.

2. Notify appropriate Sub-Contractors when plumbing work is complete at penetrations
through non-masonry construction, and ready for patching under Sections in Division 9 -
FINISHES.

Drilling, coring, and cutting of new and existing structures (through walls, floors, ceiling, etc.)
where the largest dimension does not exceed 12" shall be by this Contractor.

Throughout the performance of the cutting and coring work, ensure that the structural integrity of
the existing walls, floors, overhead structure, and other structural components, which are to
remain, is maintained until permanent work is installed. Prior to any coring or cutting verify all
locations of same with the General Contractor. All cutting and coring is to be performed in
accordance with approved coordination drawings. All cutting or coring of structural must receive
approval of the Architect prior to proceeding.

No additional compensation will be authorized for cutting and patching work that is necessitated
by ill-timed, defective, or non-conforming installations.

Patching of surfaces shall be by the trade responsible for the surface penetrated.

Refer to related architectural sections including Section 017320 for additional reference.

SUBMITTALS

General: Refer to Section 013300 — Submittal Procedures for general requirements for submittal
of product data, shop drawings and other materials for review by the Architect and their
Consultants. The following paragraphs supplement the requirements of Section 013300.

Submittal of Shop Drawings, product data, and samples will be accepted only when submitted
by the General Contractor. Data submitted by Sub-contractors and material suppliers directly to
the Architect/Engineer will not be processed.

Submittal requirements specific to the Work of this Section include the following:
Valves

Meters and Gages
Hangers and Attachments
Mechanical Identification
Mechanical Insulation
Hydronic Piping
Refrigeration Piping
Boilers

Pumps and Accessories
0. Terminal Heating Units

SVOoNIOR~GN =
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11.  Rooftop Units

12.  Heating and Ventilation Units

13.  Indoor Air Handling Units

14.  Energy Recovery Ventilation Units
15.  Kitchen Make-Up Air Units

16.  Ductless Cooling Unit Systems

17.  Power and Gravity Ventilators

18.  Metal Ductwork

19.  Ductwork Accessories

20.  Air Outlets and Inlets

21.  Sound Attenuators and Sound Lining
22. Condensate Discharge Pumps

23. Automatic Temperature Controls

24. Testing, Adjusting, Balancing, and Commissioning

If a Shop Drawing is not accepted after two submissions, a third submission from the same
manufacturer will not be considered.

Check Shop Drawings and other submittals to assure compliance with contract documents
before submittal to A/E.

Review of Shop Drawings is final and no further changes shall be considered without written
application. Shop Drawings review does not apply to quantities, nor relieve this Contractor of his
responsibility for furnishing materials or performing his work in full compliance with these
Contract Drawings and Specifications. Review of these shop drawings shall not be considered a
guarantee of the measurements of this building or the conditions encountered.

SUBSTITUTIONS

Refer to, Section 013310 for requirements in requesting substitutions. The following paragraphs
supplement the requirements of Section 013310.

If materials or equipment are substituted for basis of design specified items that alter the
systems shown or its physical characteristics, or which have different operating characteristics,
clearly note the alterations or difference and call it to the attention of the Architect/Engineer.
Contractor shall be responsible for coordinating dimensional fit of equipment that varies from
basis of design equipment. Under no circumstances shall substitutions be made unless material
or equipment has been successfully operated for at least three consecutive years.

Any modifications to the design, as a result of approving a substitution from the basis of design
equipment, shall be the responsibility of this contractor. Any additional cost to this contractor or
any other contractor, directly or indirectly, as a result of such substitutions, shall be the
responsibility of this contractor.

PRODUCT LISTING

Prepare listing of major mechanical equipment and materials for the project.

Provide all necessary information.
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1.20

1.21

Submit to the A/E through the General Contractor, within twenty (20) days of signing contract,
this listing indicating all equipment and manufacturers, as a part of the submittal requirement. If
the product list is not submitted, it will be the responsibility of the sub-contractor to submit one
(1) of the three (3) named equal manufacturers.

When two or more items of same material or equipment are required they shall be of the same
manufacturer. Product manufacturer uniformity does not apply to raw materials, bulk materials,
pipe, tube, fittings (except flanged and grooved types), sheet metal, wire, steel bar stock,
welding rods, solder, fasteners, motors for dissimilar equipment units, and similar items used in
work, except as otherwise indicated.

Provide products, which are compatible within systems and other connected items.

NAMEPLATE DATA

Provide permanent operational data nameplate on each item of power operated mechanical
equipment, indicating manufacturer, product name, mode, number, serial number, capacity,
operating, and power characteristics labels of tested compliances, and similar essential data.
Locate nameplates in an accessible location.

DELIVERY, STORAGE AND HANDLING

Refer to Section General Conditions for delivery, storage, and handling of equipment. The
following paragraphs supplement the requirements of Section General Conditions.

Deliver products to project properly identified with names, model numbers, types, grades,
compliance labels, and similar information needed for distinct identifications; adequately
packaged and protected to prevent damage during shipment, storage, and handling.

Store equipment and materials at the site, unless off-site storage is authorized in writing.
Protect stored equipment and materials from damage.

Coordinate deliveries of mechanical materials and equipment to minimize construction site
congestion. Limit each shipment of materials and equipment to the items and quantities needed
for the smooth and efficient flow of installations.

RECORD DOCUMENTS

General: Refer to Section 017830 - Project Record Documents, for general requirements for
maintaining as-built drawings and submitting final reproducible record documents. The following
paragraphs supplement the above.

Record Drawings for the Work of this Section shall include the following: Provide electronic
AutoCAD drawings to indicate revisions to piping and ductwork, size and location both exterior
and interior; including locations of coils, dampers and other control devices, filters, boxes, and
similar units requiring periodic maintenance or repair; actual equipment locations, dimensioned
from column lines; concealed equipment, dimensioned to column line; mains and branches of
piping systems, with valves and control devices located and numbered, concealed unions
located, and with items requiring maintenance located.
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1.22

A

1.23

1.24

OPERATION AND MAINTENANCE DATA

General: Refer to Section 017700 - Close Out Procedures for general requirements for submittal
of operations and maintenance manuals, training of personnel and related closeout procedures.
The following paragraphs supplement the requirements of Section 017700.

In addition to the information required by Section 017700 for maintenance data, Closeout

procedures specific to the Work of this Section include the following:

1. Description of function, normal operating characteristics and limitations, performance
curves, engineering data and tests, and complete nomenclature and commercial numbers
of all replaceable parts.

2. Manufacturer's printed operating procedures to include start-up, break-in, routine and
normal operating instructions; regulation, control, stopping, shut-down, and emergency
instructions; and user summer and winter operating instructions.

3. Maintenance procedures for routine preventative maintenance and trouble-shooting;
disassembly, repair, and reassembly; aligning and adjusting instructions.

4. Servicing instructions and lubrication charts and schedules.

5 Provide start-up reports for all major HVAC systems and equipment, including but not
limited to, boilers, all air handling equipment, ductless cooling unit systems, pumps and
fans.

6. Provide DVD recording of operation and maintenance training sessions and include as
part of O & M Manual submittal. Provide indexed table of contents for DVD recording.

7. Cooperate with Commissioning agent as required to complete system and equipment
start-up reports and testing. Refer to Section 018100.

WARRANTIES

The contractor shall provide a one (1) year minimum warrantee on all product (unless otherwise
stated in the product specification for a specific product) and labor for work under this section.
Refer to general conditions for additional warranty requirements.

Refer to Section General Conditions and Section 017700 Contract Closeout for additional
procedures and submittal requirements for warranties.

SUSTAINABLE DESIGN INTENT

Comply with project requirements intended to achieve a minimum score of 34, measured and

documented according to the Collaborative for High Performance Schools — Massachusetts.

Project scores will be verified by a third party certifier.

1. Refer to section 018113 — Sustainable Design Requirements, for material, procedure, and
documentation submittal requirements.
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230000 - 11



CONCORD CARLISLE HIGH SCHOOL
CONCORD, MA

omr architects inc.
AUGUST 15, 2012

B. The project intends to apply for the following credits. The project HVAC contractor shall perform
all required work for the following credits as outlined in the Massachusetts Collaborative for High

Performance Schools MA-CHPS Reference Guides Version 2009:

Indoor Environmental Quality
Item Title/Description HVAC Contractor
Responsibility

EQP1.1 Design ventilation systems to | Install and Balance
ASHRAE Standard 62.1- systems per Design
2004: Ventilation for requirements.
Acceptable Indoor Air Quality.

EQ P1.2 Do not install internally All ductwork liner shall
insulated ductwork unless itis | meet Prerequisite
double-walled ductwork or credit requirements.
includes duct liners that meet
ASTM standards C1071 and
C1104 for surface erosion
and water vapor sorption.

EQP 2.1 If the building or a portion of Follow SMACNA
the building is to be occupied | Guidelines; coordinate
during construction, meet or with GC.
exceed the Recommended
Design Approaches of the
Sheet Metal and Air
Conditioning National
Contractors Association
(SMACNA) IAQ Guideline for
Occupied Buildings Under
Construction, 1995, chapter 3.

Item Title/Description HVAC Contractor

Responsibility

EQP 2.2 Construction management — Provide unit start-up

provide ventilation with GC to provide
required flush-out.
Provide required filter
changes.

EQP 2.3 Construction management — Provide flush-out
post construction IAQ provide | calculation and
building flushout. coordinate unit start-up

with GC to provide
required flush-out.
Provide temporary
heating for areas
served by air handling
units which are not
designed to heat 100%
O.A. (i.e.re-circ RTUs
if flushout occurs
during winter heating
season to maintain
minimum 60°F space
temp).
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EQP 3.1

Install dedicated exhaust for
pollutant source control.

Install exhaust air
systems as designed.

EQP 3.3

Specify only electric ignitions
for the following gas-fired
equipment: water heaters,
cooking stoves/ovens, air
handling units, boilers.

Provide only electric
ignitions for gas-fired
equipment.

EQP3.4

Locate outside-air intake
openings a minimum of 25
feet from any hazard or
noxious contaminants such as
vents, chimneys, plumbing
vents, exhaust fans, cooling
towers, streets, alleys, parking
lots, and loading docks. When
locating an intake opening
within 10 feet of a
contaminant source is
unavoidable, such opening
shall be located a minimum of
2 feet below the contaminant
source.

Installation shall
comply with
prerequisite credit
requirements.

EQ P4

Prevent water accumulation
by designing surface grades
to slope away from

buildings and building
foundations in order to drain
away water, snowmelt, and
HVAC condensate to prevent
the accumulation of water.
Rain leaders and downspouts
must be directed to filtration
structures, storage, or rain
gardens, or to daylight
provided that surface
drainage moves water away
from buildings. Evaporative
drip pans for HVAC
condensate removal are
prohibited.

Install condensate
drains in compliance
with Credit.

EQPS5

Ensure that permanently
installed filtration media have
a Minimum Efficiency
Reporting Value (MERV) of at
least 10 except for unit
ventilator systems, which shall
have a

MERYV of at least 7.

Refer to IEQ C 5,
Provide MERV-13
filters.

EQ P6

Thermal comfort — ASHRAE
55

Install mechanical
systems as designed.
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230000 - 13



omr architects inc.
AUGUST 15, 2012

CONCORD CARLISLE HIGH SCHOOL

CONCORD, MA

Item

Title/Description

HVAC Contractor
Responsibility

EQC7

Ensure that all classrooms
meet the acoustic standards
of ANSI 12.60-2002.

Comply with Acoustical
consultants report
recommendation;
install equipment
meeting specified
sound data. Refer to
Vibration isolation
specifications for
additional
requirements.

EQC4

Installed ducted air returns.

Install return ductwork
per design documents.

EQCS5

Install premium HVAC
filtration.

Provide MERV-13
filters.

EQC6.2

Construction management —
post construction IAQ provide
building flushout.

Prior to flushout,
replace filters with
MERYV 13 filters and
again after flushout

Item

Enerqgy Efficiency

Title/Description

HVAC Contractor
Responsibility

EEP1

(A, B, or C). Energy
Efficiency Standard: Design
a school that performs
significantly better than
schools built to current
standard practice by
designing 25% or more
above the ASHRAE 90.1 -
2007 standard using A) the
prescriptive criteria
established by the New
Buildings Institute’s main
resource guide: Benchmark:
Energy Benchmark for High
Performance Buildings, B) the
prescriptive approach outlined
in the ASHRAE standards, or
C) the Total Building
Approach outlined in the
ASHRAE standards.

Provide equipment
meeting or exceeding
energy efficiency
design requirements;
submit shop drawings
indicating equipment
efficiencies.

HVAC
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Item Title/Description HVAC Contractor
Responsibility
EEP 2 Provide effective and Provide Operating and
complete training and Maintenance manuals
documentation on the for all HVAC/ATC

1.25

operation and maintenance of | systems and

the building systems identified | equipment. Provide

in the commissioning report. owner training and
video tape training
sessions for all
HVAC/ATC systems.
Coordinate training with

GC.
EEC1 Demonstrate superior energy | Provide equipment
performance (25%-45% meeting or exceeding
reduction). energy efficiency

design requirements;
submit shop drawings
indicating equipment
efficiencies.

EEC 2 Minimize air conditioning. Install HVAC and ATC
system meeting design
requirements.

EEC5 Install energy management Install ATC/EMS
system. system meeting design
requirements.

ENERGY REBATE PROGRAM

This project has been designed to incorporate equipment approved for energy rebate such as
boilers, high efficiency motors, chillers, etc. Contractor shall review Utility Company
requirements prior to submitting shop drawing to ascertain that submittal meets program
guidelines. All submitted equipment shall meet utility company rebate program efficiency
requirements. Contractor shall furnish equipment submittals, related equipment/system pricing
data and all required rebate application information, forms, etc. to utility company.

PART 2 - PRODUCT

2.1

ELECTRICAL REQUIREMENTS FOR MECHANICAL EQUIPMENT (Refer to section 018100
Commissioning for additional contract requirements)

Pursuant to Massachusetts General Laws Chapter 141, a Massachusetts Licensed electrician
shall install all low voltage wiring required by this section.

HVAC
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B. General: The following are basic requirements for simple or common motors. For special

motors, more detailed and specific requirements are specified in the individual equipment
specifications.

1. All motors for all mechanical equipment shall be NEMA premium efficiency matching the

10.

11.

12.
13.

14.

following:

HP RPM Efficiency

1 1800 85.5%

1.5 1800 86.5%

2 1800 86.5%

3 1800 89.5%

5 1800 89.5%

7.5 1800 91.0%

10 1800 91.7%

15 1800 93.0%

20 1800 93.0%

25 1800 93.6%

30 1800 94.1%

40 1800 94.1%

m. 50 1800 94.5%

Torque characteristics shall be sufficient to satisfactorily accelerate the driven loads.
Motor sizes shall be large enough so that the driven load will not require the motor to
operate in the service factor range.

Temperature Rating: Rated for 40° C. environment with maximum 50° C temperature
rise for continuous duty at full load (Class F Insulation). All ratings shall be for inverter
duty applications.

Starting Capability: Frequency of starts as indicated by automatic control system, and not
less than 5 evenly time spaced starts per hour for manually controlled motors.

Service Factor: 1.15 for poly-phase motors and 1.35 for single phase motors.

Motor Construction: NEMA Standard MG 1, general purpose, continuous duty, Design
"B", except "C" where required for high starting torque.

Frames: NEMA Standard No. 48 or 54; use driven equipment manufacturer's standards
to suit specific application.

TARTTITQ@T0000D

Bearings:

a. Ball or roller bearings with inner and outer shaft seals.

b. Re-greasable, except permanently sealed where motor is normally inaccessible for
regular maintenance.

C. Designed to resist thrust loading where belt drivers or other drives produce lateral
or axial thrust in motor.

d. For fractional horsepower, light duty motors, sleeve type bearings are permitted.

Enclosure Type:

a. Open drip-proof motors for indoor use where satisfactorily housed or remotely
located during operation.

b. Guarded drip-proof motors where exposed to contact by employees or building
occupants.

C. Weather protected Type | for outdoor use, Type Il where not housed.

Overload Protection: Built-in thermal overload protection and, where indicated, internal
sensing device suitable for signaling and stopping motor at starter.

Noise Rating: "Quiet".

Efficiency: "Premium Efficient" motors shall have a minimum efficiency as scheduled in
accordance with IEEE Standard 112, test method B. If efficiency not specified, motors
shall have a higher efficiency than "average standard industry motors", in accordance with
IEEE Standard 112, Test Method B.

Nameplate: Indicate the full identification of manufacturer, ratings, characteristics,
construction, special features and similar information.

HVAC
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2.2

C. Starters, Electrical Devices, And Wiring: (Provided By The HVAC Contractor For Each
Packaged Piece Of HVAC Equipment Requiring Such):

1. Motor Starter Characteristics:

a. Enclosures: NEMA 1, general purpose enclosures with padlock ears, except in wet
locations shall be NEMA 3R with conduit hubs, or units in hazardous locations
which shall have NEC proper class and division.

b. Type and size of starter shall be as recommended by motor manufacturer and the
driven equipment manufacturer for applicable protection and start-up condition.

2. Manual Switches shall have:

a. Pilot lights and extra position for multi-speed motors.

b. Overload Protection: Melting alloy type thermal overload relays.
3. Magnetic Starters:

a. Maintained contact push buttons and pilot lights, properly arranged for single speed
or multi-speed operation as indicated.

b. Trip-free thermal overload relays, each phase.

C. Interlocks, pneumatic switches and similar devices as required for co-ordination
with control requirements of Division 23 Controls Sections.

d. Built-in 120 volts control circuit transformer, fused from line side, where service
exceeds 240 volts.

e. Externally operated manual reset.

f. Under-voltage release or protection.

4. Capacitors:

a. Individual unit cells.

b. All welded steel housing.

C. Each capacitor internally fused.

d. Non-flammable synthetic liquid impregnant.

e. Craft tissue insulation.

f. Aluminum foil electrodes.

g. KVAR size shall be as required to correct motor power factor to 90% or better and
shall be installed on all motors 1 horsepower and larger, that have an uncorrected
power factor of less than 85% at rated load.

5. Disconnect Switches:

a. Fusible Switches: Fused, each phase; general duty; horsepower rated; non-
teasible quick-make, quick-break mechanism; dead front line side shield;
solderless lugs suitable for copper or aluminum conductors; spring reinforced fuse
clips; electro silver plated current carrying parts; hinged doors; operating lever
arranged for locking in the "OPEN" position; arc quenchers; capacity and
characteristics as indicated.

b. Non-fusible Switches: For equipment 2 horsepower and smaller, shall be
horsepower rated; toggle switch type; quantity of poles and voltage rating as
indicated. For equipment larger than 2 horsepower, switches shall be the same as
fusible type.

VALVES

A. General:

1. Comply with ASME B31.9 for building services piping, and ASME B31.1 for power piping.

2. Valves shall have rising stem, or rising outside screw and yoke stems; except, non-rising
stem valves may be used where headroom prevents full extension of rising stems.

3. Pressure and temperature ratings shall be as required to suit system pressures and
temperatures.

4, Unless otherwise indicated, provide valves of same size as upstream pipe size. Automatic

control valves shall be sized by the ATC Contractor and shall not exceed a 3 PSI drop.

HVAC
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Provide the following special operator features:

a. Handwheels fastened to valve stem, for valves other than quarter turn, by brass nut
on a square-topped stem.
b. Lever handle on quarter-turn valves 6" and smaller, except for plug valves. Provide

one wrench for every 10 plug valves, and one years supply of recommended
lubricant and sealant.

c. Chain-wheel operators for valves 2-1/2" and larger installed 72" or higher above
finished floor elevation. Extend chains to an elevation of 5'-0" above finished floor
elevation.

d. Gear drive operators on quarter-turn valves 8" and larger.

Where insulation is indicated or specified, provide extended stems arranged to receive

insulation.

Bypass and drain connections shall comply with MSS SP-45.

End connections shall be as specified in the individual valves specifications.

a. Threads: Comply with ANSI B2.1.

b. Flanges: Comply with ANSI B16.1 for cast iron ANSI B16.5 for steel, and ANSI
B16.24 for bronze valves.

Solder-Joint: Comply with ANSI B16.18.

Caution: Where soldered end connection are used, use solder having a melting point

below 840° F. for gate, globe, and check valves; below 421° F. for ball valves.

B. Gate Valves:

1.

Gate Valves - 2" and smaller: MSS SP-80; Class 150, body and union bonnet of ASTM B
62 cast bronze, threaded ends, solid disc, bronze alloy stem with less than 6% zinc
content, brass packing gland, "Teflon" impregnated packing, and malleable iron
handwheel.

THREADED
MANUFACTURER NRS RS
Crane: X 431UB
Jenkins: X 47CU
Lunkenheimer: X 3151
Nibco: T-136 T-134
Stockham: B-130 B-120
Milwaukee: 41M 1151M

Gate Valves (Hot) 2-1/2" and larger: MSS SP-70; Class 125 iron body, bronze mounted,
with body and bonnet conforming to ASTM A 126 Class B, flanged ends, and "Teflon"
impregnated packing and two-piece backing gland assembly.

MANUFACTURER 0OS&Y RS NRS

Crane: 465-1/2 461

Jenkins: 651C 326C

Lunkenheimer: 1430 1428

Nibco: F-617-0 F-619

Stockham: G-623 G-612

Milwaukee: F-2885-M F-2882-M
HVAC
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C. Ball Valves:

1. Ball Valves 1" and smaller: Rated for 150 psi saturated steam pressure, 600 psi WOG
pressure, 2-piece construction, bronze body conforming to ASTM B 62, standard (or
regular) port, chrome-plated brass ball, replaceable "Teflon" or "TFE" seats and seals,
blowout proof stem, and vinyl-covered steel handle. Provide solder ends for service,
threaded ends for heating hot water.

THREADED SOLDER

MANUFACTURER ENDS ENDS
Milwaukee: BA-100 BA-150
Conbraco (Apollo) 70-100 70-200

Crane: 9302 9322
Jamesbury: 21-1000TT X

Jenkins: 900A 902A
Lukenheimer: AQ311 X

Nibco: T-585 S-585

Watts: B-6000 B-6001
Stockham: S-216 BR-R-T S-216 BR-R-S

2. Ball Valves 1-1/4" to 2": Rated for 150 psi saturated steam pressure, 600 psi WOG
pressure; 3-piece construction, bronze body conforming to ASTM B 62, conventional port,
chrome-plated brass ball, replaceable "Teflon" or "TFE" seats and seals, blowout proof
stem, and vinyl-covered steel handle. Provide solder ends for services, threaded ends for
heating hot water.

THREADED  SOLDER

MANUFACTURER ENDS ENDS
Milwaukee: BA-300 BA-350
Conbraco (Apollo): 82-100 82-200

Nibco: T-595-Y S-595-Y
Watts: B-6800 B-6801
Stockham: S-216 BR-R-T S-216 BR-R-T

For grooved end connections use Victaulic Style 721.

D. Plug Valves
1. Plug Valves - 2" and smaller: 150 psi WOG, bronze body, straightaway pattern, square
head, threaded ends.

MANUFACTURER

Rockwell: 214.
Lunkenheimer: 454.
Crane: 250.
2. Plug Valves - 2-1/2" and larger: MSS SP-78; 175 psi, lubricated plug type, semi-steel
body, single gland, wrench operated, flanged ends.

MANUFACTURER

Rockwell: 305.

Nordstrom: 143.
Serck-Audco: LSW-133-GG.
Homestead: 612.

Victaulic Series 377

HVAC
230000 - 19



omr architects inc. CONCORD CARLISLE HIGH SCHOOL
AUGUST 15, 2012 CONCORD, MA

E.

F.

Globe Valves:

1.

Globe Valves - 2" and smaller: MSS Sp-80; Class 150, body and union bonnet of ASTM B
62 cast bronze, threaded ends, brass or replaceable composition disc, bronze alloy stem
with less than 6% zinc content, brass packing gland, "Teflon" impregnated packing, and
malleable iron handwheel.

MANUFACTURER
Jenkins: 106-B.
Lunkenheimer: 407.
Nibco: T-235-Y.
Stockham: B-22.

2. Globe Valves - 2-1/2" and larger: MSS SP-85; Class 125 iron body and bolted bonnet
conforming to ASTM A 126, Class B; outside screw and yoke, bronze mounted, flanged
ends, and "Teflon" impregnated packing and two-piece backing gland assembly.

STRAIGHT ANGLE
MANUFACTURER BODY BODY
Milwaukee: F-2981-M  x
Crane: 351 353
Jenkins: 613C X
Lunkenheimer: 1123 X
Nibco: F-718-B X
Stockham: G-512 G-515
Butterfly Valves:

1.

Butterfly Valves - 2-1/2" and larger: MSS SP-67; 200 psi, cast iron body conforming to
ASTM A 126, Class B. Valves shall have field replaceable EPDM sleeve, with aluminum
bronze disc, stainless steel, and EPDM 0-ring stem seals. Sizes 2 through 6" shall have
lever operators with locks, and sizes 8 through 24" shall have gear operators with position
indicator. Valves on dead end service or requiring additional body strength shall be lug-
wafer type, drilled and tapped.

MANUFACTURER WAFER

LEVER GEAR
Milwaukee: X MW-123-E
Center Line: X Series A
Crane: 42 X
Keystone: 100 X
Nibco: WD-20003 WD-20003
Stockham: LG-512-BS3E LG-522-BS3E

LUG

LEVER GEAR
Milwaukee: X ML-123-E
Center Line: X Series LT
Crane: 44 X
Keystone: 129 X
Nibco: LD-20003 LD-20005
Stockham: LG-712-BS3E LG-722-BS3E

Grooved Ends: Victaulic Series Vic 300 2-12” Victaulic series 709 14-24.

HVAC
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G. Check Valves:
1. Swing Check Valves - 2" and smaller: MSS SP-80; Class 150, cast bronze body and cap,
conforming to ASTM B 62, horizontal swing, with a Teflon disc, and having threaded
ends. Valve shall be capable of being repaired while the valve remains in the line.

MANUFACTURER
Milwaukee: 510T
Crane: X
Jenkins: 352C
Lunkenheimer: 230-70
Nibco: T-433-Y
Stockham: B-321

For grooved connections us Victaulic Series 716, 779.

2. Swing Check Valves - 2-1/2" and larger: MSS SP-71; Class 125 (Class 175 FM approved
for fire protection piping systems), cast iron body and bolted cap conforming to ASTM A
126, Class B; horizontal swing, with a bronze disc or cast iron disc with bronze disc ring,
and flanged ends. Valve shall be capable of being refitted while the valve remains in the
line.

MANUFACTURER CLASS 125 CLASS 175

Milwaukee: F-2974-M X
Crane: 373 375
Jenkins: 624C 477
Lunkenheimer: 1790 X
Nibco: F-918B X
Stockham: G-931 G-940
Victaulic Series 716, 779.
3. Wafer Check Valves - (Non-Slam): Class 250, cast iron body, replaceable lapped bronze

seat, lapped and balanced twin bronze flappers and stainless steel trim. Valve shall be
designed to open and close at approximately one foot differential pressure. Twin flappers
shall be loaded with a stainless steel torsion spring to minimize flapper drag and assure
even non-slam checking action.

MANUFACTURER

Milwaukee: 1400-2C
Center Line: CLC
Metraflex: Chexx
Mission: 12HMP
Stockham: WG970

For grooved connection use Victaulic Series 716 and 779.

HVAC
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2.3

Lift Check Valves - 2" and smaller: Class 125, cast bronze body and cap conforming to
ASTM B 62, horizontal, lift type valve, bronze disc and threaded ends. Valve shall be
capable of being refitted and ground while the valve remains in the line.

MANUFACTURER HORIZONTAL

Milwaukee: 544
Hammond: 901
Jenkins: 117C
Lunkenheimer: 2142

METERS AND GAGES

Glass Thermometers

1.

2.

General: Provide glass thermometers of materials, capacities, and ranges indicated,
designed and constructed for use in service indicated.

Case: Die cast aluminum finished in baked epoxy enamel, glass front, spring secured, 9"
long.

Adjustable Joint: Die cast aluminum, finished to match case, 180° adjustment in vertical
plane, 360° adjustment in horizontal plane, with locking device.

Tube and Capillary: Mercury filled, magnifying lens, 1% scale range accuracy, shock
mounted.

Scale: Satin faced, non-reflective aluminum, permanently etched markings.

Stem: Copper-plated steel, or brass, for separable socket, length to suit installation.
Range: Conform to the following:

a. Hot Water: 30° - 240° F. with 5° F. scale.

Manufacturer: Subject to compliance with requirements, provide glass thermometers of
one of the following:

Ernst Gage Co.

Marshalltown Instruments, Inc.

Trerice (H.O.) Co.

Weis Instruments, Inc.

Or Equal.

poooTp

Thermometer Wells

1.

General: Provide thermometer wells constructed of brass or stainless steel, pressure
rated to match piping system design pressure. Provide 2" extension for insulated piping.
Provide cap nut with chain fastened permanently to thermometer well.

Manufacturer: Subject to compliance with requirements, provide glass thermometers of
one of the following:

Ernst Gage Co.

Marshalltown Instruments, Inc.

Trerice (H.O.) Co.

Weis Instruments, Inc.

Or Equal.

®PoooTp

Pressure Gages

1.

2.

3.

General: Provide pressure gages of materials, capacities, and ranges indicated,
designed and constructed for use in service indicated.

Type: General use, 1% accuracy, ANSI B40.1 grade A, phosphor bronze bourdon type,
bottom connection.

Case: Drawn steel or brass, glass lens, 4-1/2" diameter.

Connector: Brass with 1/4" male NPT. Provide protective siphon when used for steam
service.

HVAC
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Scale: White coated aluminum, with permanently etched markings.
Range: Conform to the following:
a. Water: 0 - 100 psi.
50 - 300 psi.
Manufacturer: Subject to compliance with requirements, provide pressure gages of one
of the following:
Ametek/U.S. Gauge.
Marsh Instrument Co., Unit of General Signal.
Marshalltown Instruments, Inc.
Trerice (H.O.) Co.
Weiss Instruments, Inc.
Or Equal.

P00 T

D. Pressure Gage Cocks

1.

2.
3.

General: Provide pressure gage cocks between pressure gages and gage tees on piping
systems. Construct gage cock of brass with 1/4" female NPT on each end, and "T"
handle brass plug.

Siphon: 1/4" straight coil constructed of brass tubing with 1/4" male NPT on each end.
Manufacturer: Same as for pressure gages.

E. Annular Element Flow Meters And Fittings

1.

General: Provide as indicated, flow metering elements constructed of brass and stainless
steel, equipped with readout valves to facilitate connecting of differential pressure meter
to flow meter. Equip each readout valve with integral shut-off valve designed to minimize
system fluid loss during monitoring process. Provide ball type brass isolation valve.
Provide calibrated nameplate with flow meter detailing its flow range through range of
differential head pressures. Each element shall be of the bi-directional type having four
diametrically opposed sensing ports on both upstream and downstream sides in order to
ensure average velocity and static pressure. Elements shall be capable of operating at a
maximum temperature of 300E F. and maximum pressure of 250 psig.

2. Manufacturer: Subject to compliance with requirements, provide flow meters of one of
the following:
a. Preso Industries Corp.
b. Meriam Instrument.
C. Dieterich Standard Corp.
d. Or Equal.

F. Calibrated Balance Valves

1. General: Provide as indicated, calibrated balance valves equipped with readout valves to
facilitate connecting of differential pressure meter to balance valves. Equip each readout
valve with integral EPT check valve designed to minimize system fluid loss during
monitoring process. Provide calibrated nameplate to indicated degree of closure of
precision machined orifice. Construct balancing valve with internal EPT 0-ring seals to
prevent leakage around rotating element. Provide balance valves with preformed
polyurethane insulation suitable for use on heating and cooling systems, and to protect
balance valves during shipment.

2. Manufacturer: Subject to compliance with requirements, provide calibrated balance

valves of one of the following:

a. Bell & Gossett ITT; Fluid Handling Div.
b Taco, Inc.

C. Armstrong Pumps Inc.

d. Tour and Andersson

e Or Equal.
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2.4 HANGERS & ATTACHMENTS (Refer to section 230548 for coordination)
A. Horizontal-Piping Hangers and Supports:

1. General: Except as otherwise indicated, provide factory-fabricated horizontal piping
hangers and supports complying with MSS SP-58, of one of the following MSS types
listed, selected by Installer to suit horizontal-piping systems, in accordance with MSS SP-
69 and manufacturer's published product information. Use only one type by one
manufacture for each piping service. Select size of hangers and supports to exactly fit pip
size for bare piping, and to insulated piping. Provide copper-plated hangers and supports
for copper-piping systems.

a. Adjustable Steel Clevises Hangers: MSS Type 1.

b. Steel Pipe Clamps: MSS Type 4.

C. Pipe Slides and Slide Plates: MSS Type 35, including one of the following plate
types:
1) Plate: Unguided type.
2) Plate: Guided type.
3) Plate: Hold-down clamp type.

d. Pipe Saddle Supports: MSS Type 36, including steel pipe base-support and cast-
iron floor flange.

e. Pipe Stanchion Saddles: MSS Tube 37, including steel pip base support and cast-
iron floor flange.

f. Adjustable Pipe Saddle Supports: MSS Type 38, including steelpipe base support
and cast-iron floor flange.

g. Single Pipe Rolls: MSS Type 41.

h. Adjustable Roller Hangers: MSS Type 43.

i. Pipe Roll Stands: MSS Type 44.

j. Pipe Rolls and Plates: MSS Type 45.

k. Adjustable Pipe Roll Stands: MSS Type 46.

2. Manufacturer: Subject to compliance with requirements, provide hangers and supports of

one of the following:

Carpenter and Patterson, Inc.

Corner & Lada Co., Inc.

Elcen Metal Products Co.

Fee & Mason Mfg. Co.; Div. Figgie International
ITT Grinnel Corp.

Or Equal.

~0poo0oTw

B. Vertical-Piping Clamps:

1.

General: Except as otherwise indicated, provide factory-fabricated vertical-piping clamps,
complying with MSS SP-58, of one of the following types listed, selected by Installer to
suit vertical piping systems, in accordance with MSS SP-69 and manufacturer's published
product information. Select size of vertical piping clamps to exactly fit pipe size of bare
pipe. Provide copper-plated clamps for copper-piping systems.

a. Two-Bolt Riser Clamps: MSS Type 8.

b. Four-Bolt Riser Clamps: MSS Type 42.

Manufacturer: Subject to compliance with requirements, provide hangers and supports of
one of the following:

Carpenter and Patterson, Inc.

Corner & Lada Co., Inc.

Elcen Metal Products Co.

Fee & Mason Mfg. Co.; Div. Figgie International

ITT Grinnel Corp.

Or Equal.

"0 Q0T
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C. Hanger-Rod Attachments:

1.

General: Except as otherwise indicated, provide factory-fabricated hanger-rod
attachments complying with MSS SP-58, of one of the following MSS types listed,
selected by Installer to suit horizontal-pipe hangers and building attachments, in
accordance with MSS SP-69 and manufacturer's published product information. Use only
one type by one manufacturer for each piping service. Select size of hanger-rod
attachments to suit hanger rods. Provide copper-plated hanger-rod attachments for
copper-piping systems.

a. Steel Turnbuckles: MSS Type 13.

b. Swivel Turnbuckles: MSS Type 15.

c. Malleable Iron Sockets: MSS Type 16.

Manufacturer: Subject to compliance with requirements, provide hangers and supports of
one of the following:

Carpenter and Patterson, Inc.

Corner & Lada Co., Inc.

Elcen Metal Products Co.

Fee & Mason Mfg. Co.; Div. Figgie International

ITT Grinnel Corp.

Or Equal.

~0ooo0 oW

D. Building Attachments:

1.

General: Except as otherwise indicate, provide factory-fabricated building attachments
complying with MSS SP-58, of one of the following MSS types listed, selected by Installer
to suit building substrate conditions, in accordance with MSS SP-69 and manufacturer's
published product information. Select size of building attachments to suit hanger rods.
Provide copper-plated building attachments for copper-piping systems.

Concrete Inserts: MSS Type 18.

Top Beam C-Clamp: MSS Type 19.

Side Beam or Channel Clamps: MSS Type 20.

Center Beam Clamps: MSS Type 21.

Welded Beam Attachments: MSS Type 22.

C-Clamps: MSS Type 23.

Top Beam Clamps: MSS Type 25.

Side Beam Clamps: MSS Type 27.

Steel Beam Clamps W/Eye Nut: MSS Type 28.

Linked Steel Clamps W/Eye Nut: MSS Type 29.

Malleable Beam Clamps: MSS Type 30.

Steel Brackets: One of the following for indicated loading:

1) Light Duty: MSS Type 31.

2) Medium Duty: MSS Type 32.

3) Heavy Duty: MSS Type 33.

m.  Side Beam Brackets: MSS Type 34.

n. Plate Lugs: MSS Type 57.

0. Horizontal Travelers: MSS Type 58.

Manufacturer: Subject to compliance with requirements, provide hangers and supports of
one of the following:

Carpenter and Patterson, Inc.

Corner & Lada Co., Inc.

Elcen Metal Products Co.

Fee & Mason Mfg. Co.; Div. Figgie International

ITT Grinnel Corp.

Or Equal.

AT T SQT0 o000
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2.5

Saddles and Shields:

1.

General: Except as otherwise indicated, provide saddles or shields under piping hangers
and supports, factory-fabricated, for all insulated piping. Size saddles and shields for
exact fit to mate with pipe insulation.

Protection Saddles: MSS Type 39; fill interior voids with segments of insulation matching
adjoining insulation.

Protection Shields: MSS Type 40; of length recommended by manufacturer to prevent
crushing of insulation.

Manufacturer: Subject to compliance with requirements, provide thermal hanger shields
of one of the following:

a. Elcen Metal Products Co.
b. Pipe Shields, Inc.

c. Carpenter Patterson, Inc.
d ITT Grinnel Corp.

e Or Equal.

Miscellaneous Materials:

1.
2.
3.

Metal Framing: Provide products complying with NEMA STD ML 1.

Steel Plates, Shapes, and Bars: Provide products complying with ASTM A 36.

Cement Grout: Portland cement (ASTM C 150, Type | or Type Ill) and clean uniformly
graded, natural sand (ASTM C 404, Size No. 2). Mix at a ratio of 1.0 part cement to 3.0
parts sand, by volume, with minimum amount of water required for placement and
hydration.

Heavy Duty Steel Trapezes: Fabricate from steel shapes selected for loads required;
weld steel in accordance with AWS standards.

Pipe Guides: Provide factory-fabricated guides, of cast semi-steel or heavy fabricated
steel, consisting of bolted two-section outer cylinder and base with two-section guiding
spider bolted tight to pipe. Size guide and spiders to clear pipe and insulation (if any), and
cylinder. Provide guides of length recommended by manufacturer to allow indicated
travel.

MECHANICAL IDENTIFICATION (Refer to section 018100 Commissioning for additional
contract requirements)

Plastic Pipe Markers:

1.

2.

3.

Snap-On Type: Provide manufacturer's standard pre-printed, semi-rigid snap-on, color-
coded pipe markers, complying with ANSI A13.1

Pressure-Sensitive Type: Provide manufacturer's standard pre-printed, permanent
adhesive, color-coded, pressure-sensitive vinyl pipe markers, complying with ANSI A13.1
Insulation: Furnish 1" thick molded fiberglass insulation with jacket for each plastic pipe
marker to be installed on uninsulated pipes subjected to fluid temperatures of 125°F
(52°C) or greater. Cut length to extend 2" beyond each end of plastic pipe marker.

4. Small Pipes: For external diameters less than 6" (including insulation if any), provide
full-band pipe markers, extending 360 degrees around pipe at each location, fastened by
one of the following methods:

a. Snap-on application of pre-tensioned semi-rigid plastic pipe marker.

b. Adhesive lap joint in pipe marker overlap.

C. Laminated or bonded application of pipe marker to pipe (or insulation).

d. Taped to pipe (or insulation) with color-coded plastic adhesive tape, not less than

3/4" wide; full circle at both ends of pipe marker, tape lapped 1-1/2".

Application: Provide pipe labels for the following piping system:

1.

Heating hot supply and return.
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2. Refrigerant liquid and suction.
3. Condensate drain.

C. Valve Tags:
1. Brass Valve Tags: Provide 19-gage polished brass valve tags with stamp-engraved
piping system abbreviation in 1/4" high letters and sequenced valve numbers 1/2" high,
and with 5/32" hole for fastener.

a. Provide 1-1/2" diameter tags, except as otherwise indicated.
b. Provide size and shape as specified or scheduled for each piping system.
C. Fill tag engraving with black enamel.
2. Valve Tag Fasteners: Provide manufacturer's standard solid brass chain (wire link or

beaded type), or solid brass S-hooks of the sizes required for proper attachment of tags
to valves, and manufactured specifically for that purpose.

D. Valve Schedule Frames:
1. General: For each page of valve schedule, provide glazed display frame, with screws for
removable mounting on masonry walls. Provide frames of finished hardwood or extruded
aluminum, with SSB-grade sheet glass.

E. Plastic Equipment Markers:

1. General: Provide manufacturer's standard laminated plastic, color-coded equipment
markers. Conform to the following color code:
a. Green: Cooling equipment and components.
b Yellow: Heating equipment and components.
C. Yellow/Green: Combination cooling and heating equipment and components.
d Blue: Equipment and components that do not meet any of the above criteria.
2. Nomenclature: Include the following, matching terminology on schedules as closely as
possible:
a. Equipment label “ID” from schedules.
b. Design capacity from schedules.
3. Size: Provide approximate 2-1/2" x 6" markers for each piece of equipment.
4. Application: Provide equipment labels for the following equipment:
a. Boilers
b. Pumps
C. Expansion Tanks
d. Rooftop Units (RTU)
e. Heating and Ventilation Units (HVU)
f. Energy Recovery Ventilation Units (ERV)
g. Indoor Air Handling Units (AHU)
h. Kitchen Make-Up Air Units (MAU)
i Exhaust Fans
j- Air Cooled Condensing Units
k. Heating and Ventilation Units
I Terminal Heating Units equipped with fans
m. Ductless Cooling Unit Systems
n. Combustion Exhaust and Air Fan Systems
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2.6

A

MECHANICAL INSULATION

Piping Insulation Materials:

1.

Fiberglass Piping Insulation: ASTM C 547, Class 45 required.

a. Class 1 for use to 450 degrees F; Class 2 for use to 650 degrees F; Class 3 for use
to 1200 degrees F.

Flexible Unicellular Piping Insulation: ASTM C 534, Type as required.

a. Type | - tubular; Type Il - sheet. For use between -40 degrees F and 200 degrees
F.

Jackets for piping Insulation. ASTM C 921, with vapor barrier for piping with

temperatures below ambient.

Encase pipe fittings insulation with one-piece premolded PVC fitting covers, fastened as

per manufacturer's recommendations.

Encase straight pipe insulation, where exposed in occupied areas, with one piece 20-mil

thick PVC Jacketing. Fasten and seal as per manufacturer's recommendations.

Encase exterior piping insulation with aluminum jacket with weather-proof construction.

Staples, Bands, Wires and Cement: As recommended by insulation manufacturer for

applications indicated.

Adhesives, Sealants and Protective Finishes: As recommended by insulation

manufacturer for applications indicated.

Piping Insulation Application and Thickness:

1.

Application: Cold Piping (40 Degrees F to Ambient):
a. Insulate the following cold HVAC piping systems:
1) HVAC make-up water piping.
2) Air conditioner condensate drain piping.
3) Refrigerant liquid and suction piping.
b. Insulate HYAC make-up condensate drain and refrigerant piping system specified
above with the following type and thickness of insulation:
1) Fiberglass: 1 1/2" thick for all pipe sizes.
Application: Hot HVAC Piping (to 200 Degrees F)
a. Insulate the following hot HVAC piping systems
1) HVAC hot water supply and return piping.
2) Hot gas refrigerant piping.
b. Insulate each piping system specified above with the following type and thickness
of insulation:
1) Fiberglass: 1-1/2" thick for pipe sizes up to and including 1 %", 2” thick for all
2” pipe and larger.
2) Flexible Unicellular: (Refrigerant piping only) 1" thick.
Insulation of Piping Exposed to Weather: Protect outdoor insulation from weather by
installing outdoor protective finish aluminum jacketing installed as recommended by the
manufacturer. Insulation thickness shall be increased by one size versus specified pipe
insulation thickness.

Ductwork Insulation Materials:

1.

Rigid Fiberglass Ductwork Insulation (R-8): ASTM C 612, Class as required.

CLASS 2 - 400 DEGREES F; 4 LBS./FT3.

CLASS 3 - 850 DEGREES F; 12 LBS./FT3.
CLASS 4 - 1000 DEGREES F; 12 LBS./FT3.
CLASS 5 - 1800 DEGREES F; 20 LBS./FT3.
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2. Flexible Fiberglass Ductwork Insulation (R-5): ASTM C 512, Class as required.

CLASS 2 - 400 DEGREES F; .75 LBS./FT3.
CLASS 3 - 850 DEGREES F; 1.5 LBS./FT3.

3. Jackets for Ductwork Insulation: ASTM C 921, with vapor barrier.

4. Ductwork Insulation Accessories: Provide staples, bands, wire, tape, anchors, corner
angles and similar accessories as recommended by insulation manufacturer for
applications indicated.

5. Ductwork Insulation Compounds: Provide cements, adhesives, coatings, sealers,
protective finishes and similar compounds as recommended by insulation manufacturer
for applications indicated.

D. Ductwork Insulation Application and Thickness:
1. Application: Ventilation and AC System Ductwork:
a. Insulate the following ductwork:

1) Outdoor air intake ductwork between air entrance and air handling unit inlet.

2) HVAC supply ductwork between HVAC unit discharge and room terminal
outlet.

3) Insulate neck and bells of supply diffusers.

4) HVAC return ductwork between room terminal inlet and HVAC unit inlet;
except omit insulation on return ductwork located in return air ceiling
plenums.

5) HVAC plenums and unit housing not pre-insulated at factory or lined.

6) Exhaust ductwork between in-line exhaust fan and point of exit in building.

b. Insulate each ductwork system specified above with the following type and

thickness of insulation:

1) Rigid Fiberglass: In machine rooms, fan rooms, and mechanical spaces
insulate all supply air, return air and outside air ductwork with 2" thick rigid
(minimum R-8). All exposed outdoor ductwork in occupied areas shall be
insulated internally with same thickness and material.

2) Flexible Fiberglass: 1-1/2 thick (minimum R-5), application limited to
concealed locations which shall include above ceilings, in chases, shafts etc.

3) All outside air ductwork shall be 2" rigid (R-8).

2. Application: Hot Ductwork (Above Space Temperature):

a. Insulate the following hot ductwork:
1) Kitchen hood exhaust ductwork.
b. Insulate each ductwork system specified above with the following type and

thickness of insulation:

1) All kitchen exhaust ductwork shall be insulated with (2) 1 %" layers of
calcined kaolin similar to Nelson “FSB” flame-shield blanket to achieve a 2
hr. rating.

3. Application: Laboratory Exhaust Duct Laboratory exhaust ductwork shall be provided with
(2) 1 %" layers of calcined kaolin similar to Nelson “FSB” flame-shield blanket to achieve
a 2 hr. rating when ductwork is not routed in a rated enclosure. refer to architectural plans
for locations of laboratory exhaust ductwork and architectural enclosure details.
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E. Equipment Insulation Materials:

1.

Rigid Fiberglass Equipment Insulation (R-8): ASTM C 612, Class as required.

CLASS 2 - 400 DEGREES F; 12 LBS./FT3.
CLASS 3 - 850 DEGREES F; 12 LBS./FT3.
CLASS 4 - 1000 DEGREES F; 12 LBS./FT3.
CLASS 5 - 1800 DEGREES F; 20 LBS./FTS.

2. Flexible fiberglass Equipment Insulation (R-5): ASTM C 553, Type and Class as required.

TYPE | - RESILIENT, FLEXIBLE;

CLASS B-1-0.65LBS./FT3

CLASS B-2 - 0.75 LBS./FT3

CLASS B-3-1.00 LBS./FT3

CLASS B-4 - 1.50 LBS./FT3

CLASS B-5-2.00 LBS./FT3

CLASS B-6 - 3.00 LBS./FT3

TYPE Il - FLEXIBLE; CLASS F-1-4.50 LBS./FT3
TYPE Ill - SEMIRIGID; CLASS F-2 - 4.50 LBS./FT3

3. Flexible Unicellular Equipment Insulation: ASTM C 534, Type as required.
TYPE | - TUBULAR.

TYPE Il - SHEET.

4. Jacketing material for Equipment Insulation: Provide pre-sized glass cloth jacketing
material, not less than 7.8 ounces per square yard, or metal jacket at Installer's option,
except as otherwise indicated.

5. Equipment Insulation Compounds; Provide adhesives, cements, sealers, mastics and
protective finishes as recommended by insulation manufacturer for applications indicated.

6. Equipment Insulation Accessories: Provide staples, bands, wire, wire netting, tape,
corner angles, anchors and stud pins as recommended by insulation manufacturer for
applications indicated.

F. Equipment Insulation Application and Thickness:

1.

Application: Equipment (Below Space Temperature):
a. Insulate the following equipment:
1) Drip pan under chilled equipment.
2) Hot water expansion tank and air separators
b. Insulate each item of equipment specified above with the following type and
thickness of insulation:
1) Fiberglass: 2" thick

HYDRONIC PIPING AND ACCESSORIES

A. Manufacturer: Subject to compliance with requirements, provide piping system products from
one of the following:

1.

2.

Grooved Mechanical Joint Pipe, Fittings and Couplings:
a. Victaulic Company of America.

Pump Discharge Valves (Triple-Duty Valve):

Bell & Gossett ITT; Fluid Handling Div.

Amtrol, Inc.

Armstrong Pumps, Inc.

Taco, Inc.

aoop
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Or Equal.

afety Relief Valves:

Bell & Gossett ITT; Fluid Handling Div.
Amtrol, Inc.

Spirax Sarco.

Watts Regulator Co.

Or Equal.

ressure Reducing Valves:

Bell & Gossett ITT; Fluid Handling Div.
Amtrol, Inc.

Armstrong Pumps, Inc.

Taco, Inc.

Or Equal.

ir Vents (Manual and Automatic):

Bell & Gossett ITT; Fluid Handling Div.
Armstrong Machine Works.

Spirax Sarco.
. Or Equal.
ir Separators:
Bell & Gossett ITT; Fluid Handling Div.
Amtrol, Inc.
Armstrong Pumps, Inc.
Taco, Inc.
. Or Equal.
iaphragm-Type Compression Tanks:
Bell & Gossett ITT; Fluid Handling Div.
Amtrol, Inc.
Armstrong Pumps, Inc.
Or Equal.
ump Suction Diffusers:
Bell & Gossett ITT; Fluid Handling Div.
Amtrol, Inc.
Armstrong Pumps, Inc.
Taco, Inc.
Victaulic (style 731)
Or Equal.
hemical Feeder:
Dearborn USA.

York-Shipley, Inc.

Or Equal.

asket Strainers:

Crane Co.

Metraflex Co.

Spirax Sarco.

Victaulic Company of America.
Or Equal.

PLOTOWROTOOTPO0TY TLOTPUPOOT O POO0TOPPR0T D IR0 TDNO

B. Pipe and Tubing Materials
Copper Tubing: ASTM grade B 88, Type L hard drawn temper copper tubing.

Copper Tubing: ASMT grade B 88, Type K, annealed copper tubing.

Steel Pipe: ASTM A-53 grade B, Schedule 40, seamless, black steel pipe, beveled ends.

1.
2.
3.
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C. Fittings
1. Cast-lIron Threaded Fittings: ANSI B16.4, Class 125, standard pattern, for threaded

joints. Threads shall conform to ANSI B2.1.

2. Malleable-Iron Threaded Fittings: ANSI B16.3, Class 150, standard pattern, for threaded
joints. Threads shall conform to ANSI B2.1.

3. Steel Fittings: ASTM A 234, seamless or welded, for welded joints.

4, Grooved Mechanical Fittings: ASTM A 106, steel fittings with grooves or shoulders
designed to accept grooved end couplings.

5. Grooved Mechanical Couplings (Zero Flex Only): Consist of ductile or malleable iron
housing, a synthetic rubber gasket of a central cavity pressure-responsive design; with
nuts, bolts, locking pin, locking toggle, or lugs to secure grooved pipe and fittings.

6. Wrought-Copper Fittings: ANSI B16.22, streamlined pattern.

7. Cast-Iron Threaded Flanges: ANSI B16.1, Class 125; raised ground face, bolt holes spot
faced.

8. Cast Bronze Flanges: ANSI B16.24, Class 150; raised ground face, bolt holes spot faced.

9. Steel Flanges and Flanged Fittings: ANSI B16.5, including bolts, nuts, and gaskets of the
following material group, end connection and facing:

a. Material Group: 1.1.
b. End Connections: Butt Welding.
C. Facings: Raised face.

10.  Solder Filler Metals: ASTM B 32, 50-50, Tin-Lead, for condenser water and make-up
water and drain piping.

11.  Solder Filler Metals: ASTM B 32, 95-5 Tin-Antimony, for heating hot water and low
pressure steam piping.

12.  Brazing Filler Metals: AWS A5.8.

WARNING: Some filler metal contain compounds which produce highly toxic fumes when
heated. Avoid breathing fumes. Provide adequate ventilation.

13. Gasket Material: Thickness, material, and type suitable for fluid to be handled, and
design temperatures and pressures.

14. Flexible Connectors: Stainless steel bellows with woven flexible bronze wire reinforcing
protective jacket; minimum 150 psig working pressure, maximum[25B. operating
temperature. Connectors shall have flanged or threaded end connections to match
equipment connected; and shall be capable of 3/4" misalignment.

D. Pipe Sleeves and Escutcheons

1. General: Provide schedule 40 black steel or 18 gage galvanized pipe sleeve large enough
to accept pipe along with specified pipe insulation at each point where pipe penetrates a
wall or floor. Sleeve shall be large enough to allow for free movement of pipe however
minimized to prevent leakage of smoke and fire during a fire emergency. For all piping
exposed to view provide a chrome plated escutcheon that will surround insulation where
applicable on pipe for a neat finished appearance. Where piping is concealed above
ceilings no escutcheons are required.

E. Special Duty Valves

1. General: General duty valves (i.e., gate, check, ball, and butterfly valves) are specified in
Division 23 Section "Valves" Special duty valves are specified in this Article by their
generic name; refer to the drawings for specific applications of these valves.

2. Pump Discharge Valves (Triple-Duty Valve): 175 PSIG working pressure, 300° F.

maximum operating temperature, cast-iron body, bronze disc and seat, stainless steel
stem and spring, and "Teflon" packing. Valves shall have flanged connections and
straight or angle pattern as indicated. Features shall include non-slam check valve with
spring-loaded weighted disc, and calibrated adjustment feature to permit regulation of
pump discharge flow and shutoff.
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3. Pressure Reducing Valves: Diaphragm operated, cast-iron or brass body valve, with low
inlet pressure check valve, inlet strainer removable without system shut-down, and non-
corrosive valve seat and stem. Select valve size, capacity, and operating pressure to suit
system. Valve shall be factory-set at operating pressure and have the capability for field
adjustment.

4. Safety Relief Valves: 125 psig working pressure and 250° F. maximum operating
temperature: designed, manufactured, tested, and labeled in accordance with the
requirements of Section IV of the ASME Boiler and Pressure Vessel Code. Valve body
shall be cast-iron, with all wetted internal working parts made of brass and rubber. Select
valve to suit actual system pressure and BTU capacity.

5. Combined Pressure/Temperature Relief Valves: Diaphragm operated, cast-iron or brass
body valve, with low inlet pressure check valve, inlet strainer removable without system
shut-down, and non-corrosive valve seat and stem. Select valve size, capacity, and
operating pressure to suit system. Valve shall be factory-set at operating pressure and
have the capability for field adjustment. Safety relief valve designed, manufactured,
tested, and labeled in accordance with the requirements of Section IV of the ASME Boiler
and Pressure Vessel Code. Valve body shall be cast-iron, with all wetted internal working
parts made of brass and rubber; 125 psig working pressure and 250° F. maximum
operating temperature. Select valve to suit actual system pressure and BTU capacity.
Provide with fast fill feature for filling hydronic system.

F. Hydronic Specialties:

1. Manual Air Vent: Bronze body and nonferrous internal parts; 150 psig working pressure,
250° F. operating temperature; manually operated with screwdriver or thumbscrew; and
having 1/8" discharge connection and 1/2" inlet connection.

2. Automatic Air Vent: Designed to vent automatically with float principle; bronze body and
nonferrous internal parts; 150 psig working pressure, 240° F. operating temperature; and
having 1/4" discharge connection and 1/2" inlet connection.

3. Diaphragm-Type Compression Tanks: Size and number as indicated; construct of
welded carbon steel for 125 psig working pressure, 375° F. maximum operating
temperature. Separate air charge from flexible diaphragm securely sealed into tank.
Provide taps for pressure gage and air charging fitting, and drain fitting. Support vertical
tanks with steel legs or base; support horizontal tanks with steel saddles. Tank, with taps
and supports, shall be constructed, tested, and labeled in accordance with ASME
Pressure Vessel Code, Section VI, Division 1.

4. Pump Suction Diffusers: Cast-iron body, with threaded connections for 2" and smaller,
flanged connections for 2-1/2" and larger; 175 psig working pressure, 300° F. maximum
operating temperature; and complete with the following features:

a. Inlet vanes with length 2-1/2 times pump suction diameter or greater.

b. Cylinder strainer with 3/16" diameter openings with total free area equal to or
greater than 5 times cross-sectional area of pump suction, designed to withstand
pressure differential equal to pump shutoff head.

Disposable fine mesh strainer to fit over cylinder strainer.

Permanent magnet, located in flow stream, removable for cleaning.

Adjustable foot support, designed to carry weight of suction piping.

. Blowdown tapping in bottom; gage tapping in side.

5. Chemical Feeder: (Provide one (1) for each piping system). Bypass type chemical
feeders of 5 gallon capacity, welded steel construction; 125 psig working pressure;
complete with fill funnel and inlet, outlet, and drain valves.

a. Chemicals shall be specially formulated to prevent accumulation of scale and
corrosion in piping system and connected equipment.

6. Y-Pattern Strainers: Cast-iron body (ASTM A 126, Class B), flanged ends for 2-1/2" and
larger, threaded connections for 2" and smaller, bolted cover, perforated Type 304
stainless steel basket, bottom drain connections; 125 psig working pressure.

~0 oo
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7. Basket Strainers: High tensile cast-iron body (ASTM A 126, Class B), flanged end
connections, bolted cover, perforated Type 304 stainless steel basket, bottom drain
connections; 125 psig working pressure.

REFRIGERANT PIPING

General: Provide piping materials and factory-fabricated piping products of sizes, types,
pressure ratings, temperature ratings, and capacities as indicated. Where not indicated, provide
proper selection as determined by Installer to comply with installation requirements. Provide
materials and products complying with ANSI B31.5 Code for refrigeration piping where
applicable, base pressure rating on refrigerant piping system maximum design pressures.
Provide sizes and types matching piping and equipment connections; provide fittings of
materials which match pipe materials used in refrigerant piping systems. Where more than one
type of materials and products are indicated, selection is Installer’s option.

Material: Provide pipes and pipe fittings in accordance with the following listing:
1. Tube Size 4-1/8” and Smaller: Copper tube; Type ACR, hard-drawn temper; wrought-
copper, solder-joint fittings; brazed joints.

Soldered Joints: Solder joints using silver-lead solder, ASTM B32, Grade 96 TS.

Brazed Joints: Braze joints using American Welding Society (AWS) classification BCUO-4 for
brazing filler metal.

Piping Specialties: Provide piping specialties complying with Division 23 “Hydronic Piping” in
accordance with the following listing:

1. Pipe escutcheons.
2. Drip pans.

3. Sleeves.

4. Sleeve seals.

Refrigerant Valves: Special valves required for refrigerant piping include the following types.

1. Globe Shutoff Valves: Forged brass, packed, back seating, winged seal cap, 300
degrees F (149 degrees C) temperature rating, 500 PSI working pressure.

2. Check Valves: Forged brass, accessible internal parts, soft synthetic seat, fully guided
piston and stainless steel spring, 250 degrees F (121 degrees C) temperature rating, 500
PSI working pressure.

3. Manufacturer: Subject to compliance with requirements, provide globe and check valves
of one of the following:
a. Henry Valve CO.
b. Parker Hannifin Corp.; Refrigeration & Air Cond. Div.

c. Sporlan Valve Co.
d. Or Equal
4. 2-Way Solenoid Valves: Forged brass, designed to conform to ARI 760, normally closed,

teflon valve seat, NEMA 1 solenoid enclosure, 24 volt, 60 Hz., UL-listed, ¥2" conduit
adapter, 250 degrees F (121 degrees C) temperature rating, 400 PSI working pressure.

5. Manufacturer: Subject to compliance with requirements, provide solenoid valves of one
of the following:
a. Alco Controls Div.; Emerson Electric Co.

b. Automatic Switch Co.
C. Sporland Valve CO.
d. Or Equal
6. Refrigerant Strainers: Brass shell and end connections, brazed joints, monel screen, 100
mesh, UL-listed, 350 PSI working pressure.
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7. Moisture-Liquid Indicators: Forged brass, single port, removable cap, polished optical
glass, solder connections, UL-listed, 200 degrees F (93 degrees C) temperature rating,

500 PSI working pressure.

8. Refrigerant Filter-Driers: Steel shell, ceramic fired desiccant core, solder connections, UL-
listed, 500 PSI working pressure.

9. Refrigerant Filter-Driers: Corrosion-resistant steel shell, steel flange ring and spring,
wrought copper fittings, ductile iron coverplate with steel cap screws, replaceable filter-
drier core, 500 PSI working pressure.

10.  Evaporator Pressure Regulators: Provide corrosion-resistant, spring loaded, stainless
steel springs, pressure operated, evaporator pressure regulator, in size and working
pressure indicated, with copper connections.

11.  Refrigerant Discharge Line Mufflers: Provide discharge line mufflers as recommended by
equipment manufacturer for use in service indicated, UL-listed.

12. Manufacturer: Subject to compliance with requirements, provide refrigeration accessories

29

of one of the following:

Alco Controls Div.; Emerson Electric CO.

Henry Valve CO.

Parker-Hannifin Corp.; Refrigeration & Air Conditioning Div.
Sporlan Valve Co.

Or Equal.

PoooTp

Basic Vibration Control: Provide vibration control products as required in accordance with the
following listing:

1.

2.
3.
4.

Isolation hangers.

Riser isolators.

Riser support isolators.
Flexible pipe connectors.

ROOFTOP PENTHOUSE ENCLOSURES (BOILER ROOM)

Double wall acoustical enclosure

1.

All mechanical and electrical equipment shall be housed inside a factory fabricated double

wall enclosure. The enclosure shall be fabricated by the same manufacturer as the steel

base, pipe work and pipe supports to ensure structural integrity of the entire Packaged

System. The use of a self-framing or sheet metal building that does not incorporate a

structural steel wall framework, structural steel roof framework, lifting lugs is not

acceptable.

The components of the enclosure shall be:

a. Floor: shall be a minimum of 3/16” steel checker plate. When used with an
enclosure, the perimeter of the floor shall be broken upward 1.5” to form a water
dam and the corner seams shall be seal welded to form a watertight floor. The use
of z-bar is permitted provided that the z-bar is continuously seam welded, not
caulked.

b. Exterior Panels: Wall and roof panels shall be fabricated from 16ga. satin coat
steel and sealed with an individual strip of %5” x 3/8” tape sealer. Wall panel shall be
2” thick with seams turned inward to provide flush exterior finish. Exterior roof
panels shall be 4” thick. Wall and roof exterior panels shall wrap around wall and
roof structural framework to ensure thermal break.

c. Structural Steel Base: When used with an enclosure, the perimeter members shall
be, at a minimum, 8"x6"x0.188” hollow structural steel tube (HSS) and shall enable
the installing contractor to shim the unit at 12 foot spans on site. The use of a c-
channel or flanged steel perimeter is permitted provided the base is at least 12”
deep.
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d. Wall and Roof Structural Steel Framework: an integral structural steel framework of
hollow structural steel shall support the walls and roof. The framework members
shall be, at a minimum, 3"x3"x0.188” HSS at 10-foot centers. The roof steel shall
also support all pipe in the Packaged System higher than four feet from the floor or
base level. The framework shall be primed and finish painted using the paint
system described in this section.

e. Roof Mounted Lifting Lugs: If an enclosure is required and the package is to be
split for shipping, then the wall and roof structural steel framework will be extended
through the roof of the enclosure and incorporate lifting lugs so that the entire
package can be lifted from the roof — no exceptions.

f. Interior Wall Panels: Interior walls panels shall be a minimum of 2” thick fabricated
from a minimum of 22 ga. galvanized steel. The wall interior panel joints shall run
horizontal (or 90 degrees to the exterior panels) to provide an acoustic break, and
overlapped to be suitable for washing with a pressure washer or steam cleaned
without risk of wetting the insulation. The wall panel shall be installed over top of
the floor water dam such that any water run-off will drip onto the water-tight floor.

g. Insulation: Wall and roof shall be insulated with no less than 4” of 4.5 Lb/cu.ft
density rigid or semi-rigid board type insulation equivalent to R-16. Floor insulation
thickness will be no less than (i) the smallest structural steel member used to
support the floor or (ii) 4”, and shall have a minimum insulating valve of R-16. All
insulation shall be rated non-combustible for continuous service at 1200F and shall
be non-wicking with a moisture absorption rating of <1%.

h. Floor Drain Pan: Fabricate floor drain pans as shown on the drawings at a
minimum of 12"x18”x2” deep from 18 ga. stainless steel seal welded and covered
with 3/4”x1/8” floor grating. The use of drain holes in the floor is not acceptable.
Drain pans shall be sloped at a minimum of 1% to a drain %” hole that shall be
piped to the exterior of the unit and finished with a %” male NPT thread.

i. Roof Covering: The roof covering shall be standing seam panels.

j- Cooling Tower Structure Support & Access Mezzanine: The cooling tower
structural steel support shall be sandblasted and painted. The access mezzanine
will provide access to the cooling tower on three sides and shall be fabricated in
accordance with OSHA guidelines. Provide one OSHA compliant ladder complete
with safety cage.

3. The enclosure shall have the following structural ratings:
a. A minimum snow/ sand load rating of 40 pounds per square foot.
b. A minimum wind load rating of 150MPH.
4. The enclosure panels shall be acoustically designed with a sound Transmission Loss (TL)

rating. The TL values must be rated across the eight octave bands. Sound pressure
levels shall be predictable from any distance from the enclosure when sound power levels
from the sound generating equipment are known. Calculations that support the sound
data shall be provided on request.

5. All bases, enclosure floors and exteriors are to be factory painted. Enclosure paint shall
have weather resistant finish that will withstand 500 hour exposure to the salt spray test
specified in ASTM B 117. Paint shall be applied and allowed to dry for a sufficient amount
of time before shipping. The paint shall be a non-isocyanate enamel that produces a
durable, chemically resistant coating similar to urethane. The vehicle type shall be a
cross-linked acrylic with an oxygenated and aromatic hydrocarbon solvent. All exterior
surfaces shall be wiped down with thinners and prepared with a zero induction epoxy
primer before applying paint. All interior surfaces shall be prepared with a high build
epoxy primer before applying paint.
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10.

Ventilation louver and damper: Install stationary, storm proof louver and motorized
damper for forced ventilation of the enclosure as shown on the drawings. Louvers shall
be 6 inches deep with extruded aluminum blades and frame and 19 gauge galvanized %"
x V2" bird screen. Damper blades shall be 4 inches deep, thermally broken with high-
density polyurethane CFC injected insulation. Air leakage through a 48” x 48" damper
shall not exceed 10.5 CFM/SQFT against 4” w.g. differential static pressure @ standard
air. Operating temperature range shall be -40° to +200°F. Supply an actuator to
modulate the damper open or close.

Exhaust Fan: Install exhaust fans for forced ventilation of the enclosure as shown on the
drawings sized in accordance with the requirements of ASHARAE Standard 15 for
refrigerant evacuation and interlocked with the refrigerant monitoring/ alarm panel and the
ventilation damper actuator. The fan shall be of bolted and welded construction utilizing
corrosion resistant fasteners. Fan shall be enclosed in minimum 18 gauge galvanized
steel wall housing with factory installed shutter and inlet guard.

Unit Heater: Install a 460V [575V] unit heater as shown on the drawings sized to maintain
enclosure temperature at 70 degrees F with an outside air temperature of -10 degrees F.
Interlock the ventilation damper actuator with the exhaust fan and the unit heater to a
combination heat/ cool thermostat overridden only by the refrigerant monitoring/ alarm
panel.

GAS FIRED BOILERS — Refer to Boiler Specification with Div 23 00 00.

PUMPS AND MOTORS

a. Pumps shall be end suction type with cast iron housing, bronze impeller, shaft
sleeve or stainless steel shaft, and internally flushed mechanical seal. Pump shall
be flexibly coupled to the motor, and all couplings shall include an approved guard.
Pump and motor will be mounted on structural steel base and free of distortion
caused by flexing of the base or piping. Motors shall be of premium efficiency and
open drip proof design. Both pumps and motors shall be installed with shims under
so that they can be dropped down for alignment without milling. All pump selections
shall be non-overloading over the entire curve.

b. For variable speed applications the motor shall be selected to be compatible with
the associated VFD. Refer to separate motor section. The flexible coupler between
the motor and pump shall be EPDM for all variable speed applications.

c. Double suction vertical split case base mounted style pumps are considered equal
to the end suction style as long as they meet the criteria outlined above.

d. Vertical In-Line style pumps are an acceptable equal up to and including 15HP
motors.

e. All pumps shall be furnished with a suction diffuser connected directly to the pump

suction. Pumps shall be complete with a combination valve on the discharge. Refer
to the manufacturer for minimum spool length needed between pump discharge
and valve. The suction diffuser and combination valve must be from the same
manufacturer as the pump. No exceptions.

f. For pipe sizes greater then 12" a combination of separate check valve and isolation
valve can be used in lieu of a triple duty valve, and a “Y” strainer can be used
instead of a suction diffuser. A long radius elbow must be the minimum fitting
required between the strainer and the pump suction.

g. All pumps must be fitted with vibration isolation equipment consisting of spring
isolators of the open type sized for 2” deflection, and double sphere flex connectors
for both suction and discharge. Each pump shall be fitted individually with the
vibration isolation described above, or as a package, where the base is mounted
on spring isolators and the flex connectors are connected to the suction and
discharge headers.

h. Vibration isolation is not required for pipe mounted VIL style pumps.
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11.  AIR SEPARATOR AND MAKE-UP WATER SYSTEM

a.

Separators shall be manufactured in an ISO recognized facility. Each unit shall be
factory tested per Hydraulic Institute standards at the factory of origin. Tangential
type air separator shall have flanged or grooved inlet and outlet connections. The
vessel shell diameter shall be three times the nominal inlet/outlet pipe diameter.
The inlet and outlet connections must be of the same size. The unit will be
designed, constructed and stamped for 125PSIG @350F in accordance with ASME
Boiler and Pressure Vessel Code. Supply the separator with automatic air vent
when used in an air elimination system, and connect the vent connection into the
bottom of the compression tank for air control systems.

A 3/4” make-up water system shall be connected to the outlet of the air separator.
This system shall include pressure reducing valve, a Watts double check type
backflow preventor, shut-off valves, Y-strainer, pressure gauge and manual by-
pass.

12.  EXPANSION TANKS

a.

Expansion tanks shall be manufactured in an ISO recognized facility. Each unit
shall be factory tested per Hydraulic Institute standards at the factory of origin. For
systems using air management systems, the expansion tank shall be a horizontal.
The tank shall be designed, constructed, and stamped for 150PSI @ 650F in
accordance with ASME Boiler and Pressure Vessel Code. The tank must be
supplied with an airtrol fitting to be installed in bottom of the tank, and piped to the
vent connect on the air separator.

For air elimination systems, the expansion tank shall be a pressurized horizontal or
vertical tank. The tank shall utilize either a bladder, or diaphragm to separate the
air from the system water. Diaphragm and bladder tanks shall be factory charged
with a .302-32 charging valve connection. The tank shall be designed, constructed,
and stamped for 150PSI @ 650F in accordance with ASME Boiler and Pressure
Vessel Code

13. VALVES, GAUGES AND PIPING ACCESSORIES

a.

Valves shall meet the material, fabrication and operating requirements of ASME
B31.1. All valves shall be located such that the removal of their bonnets is
possible. All flanged valves in horizontal lines with the valve stem in the horizontal
position shall be positioned so that the valve stem is inclined one bolt hole above
the horizontal position. Screw pattern valves placed in horizontal lines shall be
installed with their valve stems inclined at an angle of a minimum of 30 degrees
above the horizontal position. All valves must be of threaded or flanged type. All
bronze and iron body gate and globe valves shall be the product of one
manufacturer. Manufacturers of other types may not be mixed, i.e., all butterfly
valves shall be of one manufacturer, all ball valves shall be of one manufacturer,
etc. No yellow brass valves will be allowed. Wafer style valves (except check
valves) are not allowed.

Butterfly valves shall be constructed with a ductile iron lug body, EPDM seat,
aluminum bronze disc, 410 stainless steel shaft and polyacetal stem bearing.
Valves 6” and smaller shall be provided with lever operators and valves 8” and
larger shall be provided with hand wheel and gear operator.

Ball valves shall be full port type, cast bronze body and cap, brass stem with
double O-ring stem seals, forged brass ball and PTFE seat. Stem extensions shall
be furnished for use on all ball valves to be insulated.

Check valves 2” and smaller shall be Y-pattern swing type, bronze body to ASTM
B62 with forged brass cap and cast bronze disc. Check valves 272" and larger shall
be iron body, bronze disc and seat or non-slam lug or wafer type with stainless pins
and springs and bronze plate.
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Strainers 2” and smaller shall be constructed for 250 psig operating pressure at
406 degrees F and shall have a cast iron threaded body and 20 mesh Type 304
stainless steel screen. Strainers larger than 2” shall be constructed for 125 psig @
150 degrees F and shall have a cast iron flanged body and a 3/64” perforated Type
304 stainless steel screen up to 3" and a 1/8” perforated Type 304 stainless steel
screen on 4” and larger. Strainers 2” and smaller shall have straight thread and
gasketed caps and plugged blow-off connections. Strainers larger than 2" shall
include drain connections complete with ball valve, cap and chain.

Install thermometers so they can be easily read from floor level. If this cannot be
accomplished, install remote reading units. Thermometers are to be installed in
thermowells so that they can be replaced without draining the system.
Thermometers shall have a 9” scale, cast aluminum case and adjustable angle
stem.

Use one pressure gauge for each pump/ strainer assembly with connections
upstream of the strainer, between the strainer and pump and on the discharge of
the pump, all isolated with shut off valves.

Where three or more pumps share the same discharge or suction header install
pressure gauges on a common gauge panel mounted next to the pump assembly.
A manifold valve shall be used for each common pressure gauge allowing a
manual selection of suction or discharge indication of individual pumps and
headers. All sensing lines shall be stainless steel tubing and installed in aligning
standoffs. Pressure gauges shall be liquid filled, 4” diameter, accurate to 1.5%.

PIPE AND PIPE SUPPORT

a.

b.

All pipe used in the Packaged System shall be fabricated in accordance with this
specification. The use of grooved mechanical connections is not acceptable.
Unless otherwise indicated hot water and steam piping shall be Schedule 40 for
pipe smaller than 12" and standard weight for pipe 12” and larger. All pipe shall
conform to Standard ASTM Designation A53 grade A or B. All weld fittings shall
conform to ASME/ ANSI B16.9, latest addition. All condensate and threaded pipe
shall be Schedule 80 conforming to Standard ASTM Designation A53B.

Pipe welding shall be in accordance with ANSI/ASME B31.1 and ANSI/ASME
Boiler and Pressure Vessel Code, Section IX. Ensure complete penetration of
deposited metal with base metal. Manufacturer shall provide filler metal suitable
for use with basemetal. Keep inside of fittings free from globules of weld metal. All
welded pipe joints shall be made by the fusion welding process employing a
shielded metallic arc process (SMAW) or gas metal arc welding process (GMAW/
MIG). Inside of pipe shall be free of excessive reinforcement. The use of backing
plates is not acceptable. Tack welds, if used, must be of the same material and
made by the same procedure as the completed weld. Otherwise, remove tack
welds during the welding operation.

In no cases shall Schedule 40 or standard weight pipe be welded with less than
three passes including one stringer/ root, one filler and one lacer. Schedule 80
pipe shall be welded with not less than four passes including one stringer/ root, two
filler and one lacer/ cap.

Each weld shall be uniform in width and size throughout its full length. In addition,
the cover pass (final weld layer) shall be free of coarse ripples, grooves, overlaps,
abrupt ridges and valleys/ under cut. The surface smoothness of the finished weld
shall be suitable for the proper interpretation of non-destructive examination of the
weld.

Each weld layer or pass shall be visually free of slag, inclusions, cracks, porosity
and lack of fusion. Grinding to meet this criteria and elimination of defects and
surface preparation of welds shall be done in a manner as not to gouge, groove or
reduce the adjacent base material thickness below the minimum required.
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All butt welds shall be full penetration with uniform crown, with reinforcement
blending smoothly into the base material. Concavity on the root side of a single
welded circumferential butt weld is permitted with the resulting thickness of the
weld at least equal to the thickness of the thinner member of the sections being
joined.

Socket welds shall have a gap of approximately 1/16" minimum to 1/8" maximum
between the bottom of the socket and the end of the pipe prior to welding.

Visually inspect all welds for compliance with this section. Welds found to be
lacking penetration, or containing excessive porosity or cracks must be removed
and replaced with an original quality weld as specified herein.

All screw joints shall be made with tapered threads, properly cut. Joints shall be
made with Teflon or dope applied to the pipe threads only and not to fittings. All
threaded fittings shall conform to ASTM B16.3.

Copper pipe shall be fabricated of Type L conforming to ASTM specifications for
copper water tube. Copper pipe shall only be joined using non-lead-solder such as
95-5 silver or antimony solder (95 percent tin and 5 percent silver or antimony).

All pipe shall be painted with a machine enamel in the Manufacturer's standard
colour prior to assembly.

All piping for the Packaged System shall be sized for a maximum head loss of 4
feet W.C. per 100 feet equivalent pipe length. Piping shall be supported
independently of connections to equipment. If an enclosure is used all pipe higher
than four feet from the floor or base level must be supported from the roof
framework to provide clear access to equipment. The only exception is where pipe
is supported from a vibration isolation base as part of a pump assembily.

Piping shall be installed to facilitate drainage and/or condensate management.
Install drain valves at low points in piping, at equipment and at section isolating
valves. Install air vents at high points in each piping system.

Pipe supports shall be Behringer Pipe Clamps to support pipe under all conditions
of operation and prevent excessive stresses and vibration from being introduced
into pipe work or connected equipment. Oversized U-bolts are acceptable on pipe
sizes over 10” but must be complete with spacers to allow for 2” insulation installed
on site. Condenser water lines and gas lines may be supported using U bolts
without insulation spacers for all line sizes.

Shop fabricate equipment supports not provided by equipment manufacturer from
structural grade steel. Provide removable angle iron blocking and bracing to
prevent movement of pipe work and equipment during shipping.

VIBRATION ISOLATION

a.

b.

C.

An integral all welded steel vibration isolation base mounted on spring isolators
shall be provided for the pumps and motors.

Provide open spring mounts with iso stiff springs, sound deadening pads and
leveling bolts. Spring deflection shall be 2.

Flexible pipe connectors shall be designed for 125 psig service, or as appropriate
for the static head plus system head, and 200 degrees F. The flexible connector
shall be constructed of rubber or tetrafluoroethylene resin. The flexible section
shall be suitable for intended service with end connections to match connecting
piping. The use of reducing flexible connectors is not allowed. Connectors shall be
flanged and equipped with limit bolts, rods or cable to restrict maximum travel.

ELECTRICAL FABRICATION

a.
b.

C.
d.

All Electrical fabrication work shall be in compliance with N.E.C. and C.E.C

All service, feeder, branch or control circuit conductors shall be housed in Electrical
Metallic Tubing

All conductors used shall have a minimum temperature rating of 90 degree C
Separate EMT conduit is used to house power , control and signal conductors
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17. MOTOR CONTROL CENTERS

a.

General

1) The motor control center shall be constructed to meet or exceed the
requirements within NEMA 1CS3-322, UL845, CSA22.2, and IEC 439-1 for
motor control centers. The motor control center shall be designed,
manufactured, and tested in facilities registered to 1SO9001 quality

standards.

Ratings

1) Voltage - Unless shown differently on the drawings, the MCC shall be rated
for a 480V system.

2) Short Circuit Withstand Rating — Unless shown differently on the drawings,
the MCC shall be rated for a fault current of 65,000A at 460VAC

Structure

1) The MCC shall be of dead front construction and shall consist of one or
more vertical sections bolted together to form a rigid, free-standing
assembly. The systems shall be designed to allow for the addition of future
sections and to permit the interchanging of units. The overall length of the
MCC shall not exceed the dimensions shown on the drawings.

2) Vertical sections shall be rigid, free-standing structures.

3) Vertical sections shall have internal mounting angles running continuously
within the shipping block.
4) Vertical sections shall be 90 inches high, 20 inches deep and 20 inches

wide except where larger dimensions are required.

18. GLYCOL FILL SYSTEM

a.

The autofill glycol unit shall be complete with an expansion tank to control and

provide expansion and maintain the glycol system pressure by providing glycol

make-up upon a drop in system pressure.

The glycol auto-fill unit is to be provided with the following standard features:

1) The unit must monitor and maintain the minimum system pressure at all
times.

2) Low mixture cut-out level switches shall monitor the status of the mixing

tank.

Level switches shall be 48 volt maximum to ensure intrinsic electrical safety.

Pump suction isolation valve.

Pump suction strainer.

Single phase power connection.

45 PSI fill pressure.

~NOoO orh W
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19. LOW VOLTAGE PANELBOARD DISTRIBUTION

a.

General

1) The panel board shall be constructed to meet or exceed the requirements
within UL 67 panel boards, cabinets and boxes UL 50 NEC, CSA , NEMA
Standard PB1 . The panel board shall be designed, manufactured, and
tested in facilities registered to ISO9001 quality standards.

2) All circuit breakers within the panel board shall be UL listed under UL 489.

20. VARIABLE FREQUENCY DRIVES

a.

General

1) A Variable Frequency Drive shall be furnished where pump or fan speed
regulation is required. The VFD can be housed within a MCC enclosure or
wall mounted as required. The drive shall be listed UL, ETL and/or CSA.

2) Where applicable a VFD shall include manual bypass control

3) Standard Displays
a) Output Frequency (HZ)
b) Set-Point Frequency (HZ)
c) Motor Current (Amperes)
d) DC Bus Voltage ( VDC)
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4) Control Signal Interface
a) 0to 10 VDC
b) 0-20 or 4-20ma
c) Fixed frequencies using digital inputs
d) RS-485
e) Ethernet IP

5) Output Signal Interface: A minimum of 1 4-20ma output signal which can be
programmed to any of the following.
a) Output Frequency (HZ)
b) Output Current (Amperes)
c) Motor Torque (Percent)
d) Motor Speed (RPM)

6) Remote Indication Interface : minimum of 2 dry contact relays outputs for
remote indication of the following
a) Motor Enabled
b) Motor Running
c) Fault or warning indication

21.  AUTOMATED CONTROL SYSTEM

a. Automated process control shall be a PLC based system with the functional
equivalent of an Allen Bradley Compact Logix processor.
b. An operator interface display touch screen shall be provided to allow process

monitoring , alarm display , process trending and setpoint edits. The minimum size
of the touch screen shall be 15”

C. The control system shall have the capability of remote access to allow
troubleshooting or system updates.

d. The control system shall have the ability to interface with BAS as required

e. The controller software has the ability to automatically diagnose and report

process hardware failures and make equipment substitutions, where applicable to
maintain the process.

HIGH EFFICIENCY, GAS-FIRED CONDENSING BOILER (Refer to section 018100
Commissioning for additional contract requirements)

General: Provide condensing gas-fired boilers, suitable for firing with natural gas utilizing a
forced draft combustion system. Each boiler shall display ASME (H) stamp, certifying unit meets
the ASME requirements for low pressure hot water boilers. Boiler(s) shall be suitable to operate
under any return water temperature, any boiler water flow rate and without any restrictions on
temperature rise through the boiler vessel. Boiler(s) shall be able to operate at efficiencies up to
98% at suitably low return water temperatures. Boiler(s) shall have an internal water baffle plate
separating return water between second and third flue passages for maximum efficiency.
Boiler(s) shall be fully serviceable from the front by means of a reversible swing burner door and
removable access cover for easy cleaning and inspection. Each boiler to include neutralization
tank or condensate trap for boiler condensate.
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Heat Exchanger: The boiler(s) shall have a full three pass fire tube design to allow complete
combustion of the fuel in the main combustion chamber. All flue side surfaces, including the
main combustion chamber, second and third flue passages shall be constructed of 316 stainless
steel designed to maximize the condensate formation. All flue passages shall be fully water-
backed to minimize thermal stresses on the boiler vessel. The condensing secondary and
tertiary fire tube flue passages shall be fabricated from 316 stainless steel with a reduced cross
section in the direction of flue products flow to maintain a near constant velocity of combustion
products and to enhance micro turbulences for maximum heat transfer. The pressure vessel
shall be carbon steel with welded heads and tube connections, and separation plate separating
low- and high-temperature returns. Boiler designs utilizing cast iron or aluminum heat
exchangers are not acceptable.

Casing: The jacket shall be sheet metal, with snap-in or interlocking closures with electrostatic
powder-coated protective finish. Unit shall be insulated with minimum 4-inch- thick, glass fiber
insulation surrounding the heat exchanger.

Control Options: The control package must be factory tested to ensure proper operation. The
control package shall include the following hardware as standard equipment: boiler control c/w
boiler temperature sensor, capillary for adjustable high limit (AHL), capillary for fixed manual
reset temperature high limit (FHL), supply and outdoor air sensors for reset control of the
heating system. The control shall have night setback capability, display and easy adjustment of
the heating schedule. Provide all code required boiler safety controls, including burner shut-off
switch, AHJ, and FHL controls. Provisions shall be made for control of multiple boiler installation
with full modulation burners and an adjustable responsiveness to outdoor temperature
variations. Burners shall be provided with Electric ignition, standing pilots lights are
unacceptable. Provide BACNET communication card for seamless communication with DDC
system.

Warranty: Manufacturer's agrees to repair or replace components of boilers that fail in materials
or workmanship within specified warranty period which shall include:

1. Leakage and Materials: 5 years from date of Substantial Completion.

2. Heat Exchanger Damaged by Thermal Stress and Corrosion: Nonprorated for [5] years
from date of Substantial Completion.

3. Refer to general conditions for additional warranty requirements that may apply.

Manufacturer: Subject to compliance with requirements, provide boilers of one of the following:
1. Lochinvar

2. Buderus

3. Viessman

4, Or Equal.

PUMPS (P) (Refer to section 018100 Commissioning for additional contract requirements)
General: Provide factory-tested pumps, thoroughly cleaned, and painted with one coat of
machinery enamel prior to shipment. Type, size, and capacity of each pump is listed in pump

schedule. Provide pumps of same type by same manufacturer.

Inline Circulator Pumps:

1. General:  Provide in-line circulator pumps where indicated, and of capacities as
scheduled.
2. Type: Horizontal mount, vertical split case, oil-lubricated, designed for 125 psi working

pressure, and 225° F. (107° C) continuous water temperature.
3. Body: Cast-iron, with suction and discharge gage tappings.
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4, Shaft: Hardened alloy steel.
5. Bearings: Oil-lubricated bronze journal bearings.
6. Seal: Mechanical, with carbon seal ring and ceramic seat.
7. Motor: Non-overloading at any point on pump curve, open, drip-proof, oil-lubricated

2.12

journal bearings, resilient mounted construction, built-in thermal overload protection on
single phase motors.
Couplings: Self-aligning, flexible coupling.
Impeller: Enclosed type hydraulically and dynamically balanced, and keyed to shaft.
0. Manufacturer: Subject to compliance with requirements, provide in-line circulator pumps
of one of the following:
a. Bell & Gosset ITT; Fluid Handling Div.
b. Armstrong Pumps, Inc.
C. Taco, Inc.
d. Or Equal

S©e®

Frame-Mounted End Suction Pumps:
1. General: Provide frame-mounted end suction pumps where indicated, and of capacities
and having characteristics as scheduled.
Type: Horizontal mount, single stage, vertical split case, flexible coupling, base mounted,
designed for 175 psi working pressure.
Casing: Castiron, 125 psi ANSI flanges, tappings for gage and drain connections.
Shaft: Steel with replaceable shaft sleeve.
Bearing: Regreasable ball bearings.
Seal: Mechanical, with carbon seal ring and ceramic seat.
Motor: Open, dripproof, regreasable ball bearings.
Impeller: Enclosed type, hydraulically and dynamically balanced keyed to shaft and
secured with locking screw.
. Baseplate: Structural steel with welded cross members, and open grouting area.
10. Coupling: Flexible, capable of absorbing torsional vibration, equipped with coupling
guard.
11.  Manufacturer: Subject to compliance with requirements, provide frame-mounted end
suction pumps of one of the following:
a. Bell & Gosset ITT; Fluid Handling Div.
b. Armstrong Pumps, Inc.
C. TACO
d. Or Equal.

N
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ROOFTOP UNITS (RTU) (Refer to section 018100 Commissioning for additional contract
requirements)

Manufacturers

1. Subject to compliance with requirements specified here within provide rooftop units as
manufactured by Innovent, Valent, Seasons 4, MAFNA, Greenheck, or approved equal by
the engineer.

2. Alternate pricing based on pre-approved manufacturers will be considered if the following
performance requirements and construction techniques are adhered to in all respects.
Any substitutions shall be approved by the Architect/Engineer/Owner in writing ten (10)
days prior to bid.
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B. General
1. Rooftop air handling units shall be of the 100% outside dedicated outside air design

(DOAS). Units shall be of the configuration, capacity, and style as indicated on the
drawings and Equipment Schedule and as specified herein. Through properly designed
access; ease of maintenance, removability of components, and unit serviceability shall be
assured.

The unit shall be constructed for outdoor installation. Outdoor unit to be provided with
weatherproofing outside air intake hood and shutoff dampers for supply and exhaust.

C. General Description

1.

2.

Furnish as shown on plans. Unit performance and electrical characteristics shall be per

the job schedule.

Provide the unit with the following sections at a minimum:

Return fan/economizer section

Filter sections

Supply fan section

Gas-fired heating section

Access sections

Cooling coil section

Diffuser (as required)

Discharge/intake plenums

i Condensing unit section

The complete unit shall be ETL listed. The burner and gas train for the unit furnace shall

be IRI/FIA approved.

Each unit shall be specifically designed for outdoor rooftop application  and include a

weatherproof cabinet. Units shall be of a modular design with factory installed access

sections available to provide maximum design flexibility.

Unit is to be shipped factory assembled in one complete section, when possible. Each

unit shall be either completely factory assembled and shipped in one piece or split at the

condensing section and/or split between the supply fan section and the heat section.

Packaged units shall be shipped fully charged with Refrigerant R410A. Units split between

the evaporator and the condensing sections are shipped with a nitrogen holding charge

only. Unit manufacturer and contractor shall coordinate ship split and field installation,
refrigerant charging, and all unit field inter-connection requirements.

The unit shall undergo a complete factory run test prior to shipment. The factory test shall

include final balancing of the supply and return fan assemblies, a refrigeration circuit run

test, a unit control system operations checkout (for controls provided with unit), test and
adjustment of the gas furnace, a unit refrigerant leak test and a final unit inspection.

All units shall have decals and tags to indicate caution areas and aid unit service. Unit

nameplates shall be fixed to the main control panel door. Electrical wiring diagrams shall

be attached to the control panels. Installation, operating and maintenance bulletins and
start-up forms shall be supplied with each unit.

The Rooftop unit shall be designed, manufactured, and independently tested, rated, and

certified to meet the seismic standards of the 2009 International Building Code and ASCE

7-06.

a. Certificates of Compliance shall be provided with the submittal and include the
manufacturer’s identification, designation of certified characteristics, and the
Independent Certifying Agency’s name and report identification.

b. Clear installation instructions shall be provided including all accessory components.

Performance: All scheduled capacities and face areas are minimum accepted values. All

scheduled amps, kW, and hp are maximum accepted values that allow scheduled

capacity to be met.

‘SemeaooTo
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10.

Warranty: The manufacturer shall provide 12-month parts only warranty. The
manufacturer will provide extended 5 year, parts only, warranty on the compressor.
Defective parts shall be repaired or replaced during the warranty period at no charge. The
warranty period shall commence upon project completion date.

D. Cabinet, Casing and Frame

1.

Provide double-wall construction for all side wall access doors and floor areas shall be
provided with 17 gauge exterior and 22-gauge interior, solid G60 galvanized steel
construction. Inner liners shall protect insulation during service and maintenance. Unit
cabinet shall be designed to operate at total static pressures up to 6.5 inches w.g.
Insulation on ceiling and end panels shall be secured with adhesive and mechanical
fasteners. Heavy gauge solid galvanized steel liners shall be provided throughout,
allowing no exposed insulation within the air stream.

All cabinet insulation, except floor panels, shall be a nominal 2" thick, 1%%-Ib. density,
R6.5, glass fiber. A combination of solid and perforated galvanized steel liners shall be
provided throughout. Perforated liners to be used in the supply and return air plenums to
provide improved sound attenuation. Insulation under perforated liners shall be coated
with hospital grade liner rated in accordance with standard ASTM C-1071.

All floor panels shall include double wall construction and include a nominal 2” thick, 3 Ib.
density, R4.2 per inch glass fiber insulation.

Exterior surfaces shall be constructed of pre-painted galvanized steel for aesthetics and
long term durability. Paint finish to include a base primer with a high quality, polyester
resin topcoat of a neutral beige color. Finished surface shall withstand a minimum 750-
hour salt spray test in accordance with ASTM B117 standard for salt spray resistance.
Service doors shall be provided on both sides of each section in order to provide user
access to all unit components.

Service doors shall be constructed of heavy gauge galvanized steel with a gauge,
galvanized steel interior liner. All service doors shall be mounted on multiple, stainless
steel hinges and shall be secured by a latch system that is operated by a single, flush-
mounted handle. The latch system shall feature a staggered engagement for ease of
operation. Removable panels, or doors secured by multiple, mechanical fasteners are not
acceptable.

The unit base frame shall be constructed of 13-gauge pre-painted galvanized steel. The
unit base shall overhang the roof curb for positive water runoff and shall have a formed
recess that seats on the roof curb gasket to provide a positive, weather-tight seal. Lifting
brackets shall be provided on the unit base with lifting holes to accept cable or chain
hooks.

E. Supply and Return Fans

1.

All fan assemblies shall be statically and dynamically balanced at the factory, including a
final trim balance, prior to shipment. All fan assemblies shall employ solid steel fan shafts.
Heavy-duty pillow block type, self-aligning, grease-lubricated ball bearings shall be used.
Bearings shall be sized to provide an L-50 life at 200,000 hours. The entire fan assembly
shall be isolated from the fan bulkhead and mounted on spring isolators with seismic
restraints.

Adjustable pitch V-belt drives with matching belts shall be provided. V-belt drives shall be
selected at manufacturer’s standard service factor of 1.5 times fan brake horsepower.
Fan motors shall be heavy-duty 1800 rpm open drip-proof (ODP) type with grease-
lubricated ball bearings. Motors shall be premium efficiency and meet applicable
EPACT/NEMA requirements. Motors shall be mounted on an adjustable base that
provides for proper alignment and belt tension adjustment.
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Airfoil type supply and return (exhaust) fans - supply fans shall be double width, double
inlet (DWDI) airfoil centrifugal fan. All fans shall be mounted using shafts and hubs with
mating keyways. Fans shall be Class Il type and fabricated from heavy-gauge aluminum.
Fan blades shall be continuously welded to the back plate and end rim. The supply air
fan and return air fan sections shall be provided with an expanded metal belt guard.

F. Variable Air Volume Control

1.

4.

Provide variable frequency drive for the supply and return air fan. Two independent
drives, one per fan, shall be provided. Each drive shall be factory installed downstream of
the filters in a manner that the drive(s) are directly cooled by the filtered, mixed air stream.
Drives shall meet UL Standard 95-5V and the variable frequency drive manufacturer shall
have specifically approved them for plenum duty application. The completed unit
assembly shall be listed by a recognized safety agency, such as ETL. Drives are to be
accessible through a hinged door assembly complete with a single handle latch
mechanism. Mounting arrangements that expose drives to high temperature, unfiltered
ambient air is not acceptable.

The unit manufacturer shall install all power/control wiring. A manual bypass contactor
arrangement shall be provided. The arrangement will allow fan operation at full design
cfm, even if the drive has been removed for service. Line reactors shall be factory
installed for each drive. Variable frequency drives shall be equipped with features as
indicated in Division 26 00 00 Variable Frequency Drive specification requirements.

The supply air fan drive output shall be controlled by the factory installed main unit control
system and drive status and operating speed shall be monitored and displayed at the
main unit control panel. The supply and return/exhaust fan drive outputs shall be
independently controlled in order to provide the control needed to maintain building
pressure control. Supply and return/exhaust air fan drives that are slaved off of a common
control output are not acceptable.

All drives shall be factory run tested prior to unit shipment.

G. Electrical

1.

Unit wiring shall comply with NEC requirements and with all applicable UL standards. All
electrical components shall be UL recognized where applicable. All wiring and electrical
components provided with unit shall be numbered and color-coded and labeled according
to the electrical diagram provided for easy identification. The unit shall be provided with a
factory wired weatherproof control panel. Unit shall have a single point power terminal
block for main power connection. A terminal board shall be provided for low voltage
control wiring. Branch short circuit protection, 115-volt control circuit transformer and fuse,
system switches, high temperature sensor, and a 115-volt receptacle with a separate
electrical connection shall also be provided with unit.

Each compressor and condenser fan motor shall be furnished with contactors, current
sensing manual motor and short circuit protection, and inherent thermal overload
protection. Supply and return fan motors shall have Circuit breakers and built in overload
protection with VFDs. Knockouts shall be provided in the bottom of the main control
panels for field wiring entrance. All 115-600 voltage wire shall be protected from damage
by raceways or conduit.

A factory installed and wired marine service light, with switch and receptacle, shall be
provided in the supply air and return/exhaust fan section. The separate, main unit service
receptacle electrical circuit shall also power the light circuit.

A factory installed and wired 115 volt power supply shall be provided for the GFI
receptacle. The power supply shall be wired to the line side of the disconnect so the
receptacle is powered when the main unit disconnect is off. This option shall include a
weather proof transformer and disconnect for the 115 volt GFI. The 115 volt GFI electrical
circuit shall complete with primary fused short circuit protection.

Phase failure and under voltage protection on three-phase motors shall be provided to
prevent damage from single phasing, phase reversal, and low voltage conditions.
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6. Ground fault protection shall be provided to protect against arcing ground faults.
7. Smoke detectors shall be field installed as shown on the drawings. Smoke detectors

8.

shall be furnished and wired to the building Fire Alarm system by the Division 260000
Contractor and installed by the HVAC Contractor.
Disconnect switches shall be provided by Division 260000.

H. Cooling Sections

1.

The cooling coil section shall be installed in a draw through configuration, upstream of the
supply air fan. The coil section shall be complete with factory piped cooling coil and
sloped stainless steel drain pan. Hinged access doors on both sides of the section shall
provide convenient access to the cooling coil and drain pan for inspection and cleaning.
Submittals must demonstrate that scheduled unit leaving air temperature (LAT) is met,
that fan and motor heat temperature rise (TR) have been considered, and scheduled
entering air temperature (EAT) equals mixed air temperature (MAT). Draw-through
cooling—Scheduled EAT equals cooling coil EAT and scheduled unit LAT equals cooling
coil LAT plus TR.

Direct expansion (DX) cooling coils shall be fabricated of seamless 1/2" diameter high
efficiency copper tubing that is mechanically expanded into high efficiency aluminum plate
fins. Coils shall be a multi-row, staggered tube design with a maximum of 12 fins per inch.
All units shall have two independent refrigerant circuits and shall use an interlaced coll
circuiting that keeps the full coil face active at all load conditions. All coils shall be factory
leak tested with high pressure air under water.

A stainless steel, positively sloped drain pan shall be provided with the cooling coil. The
drain pan shall extend beyond the leaving side of the coil and underneath the cooling coil
connections. The drain pan shall have a minimum slope of 1/8" per foot to provide
positive draining. The drain pan shall be connected to a threaded drain connection
extending through the unit base. Units with stacked cooling coils shall be provided with a
secondary drain pan piped to the primary drain pan. Drain pan connections shall be field
traped per manufacturer’s instructions and piped to the nearest roof drain to prevent
ponding on the roof.

l. Gas Heating Section

1.

A natural gas fired furnace shall be installed in the unit heat section. The heat exchanger
shall include a type 321 stainless steel cylindrical primary combustion chamber, a type
321 stainless steel header, type 321 stainless steel secondary tubes and type
321stainless steel turbulators. Carbon and aluminized steel heat exchanger surfaces are
not acceptable.

The heat exchanger shall have a condensate drain.

Clean out of the primary heat exchanger and secondary tubes shall be accomplished
without removing casing panels or passing soot through the supply air passages.

The furnace section shall be positioned downstream of the supply air fan.

The furnace will be supplied with a modulating forced draft burner. The burner shall be
controlled for low fire start. The burner furnace shall be supplied with a McQuay
SuperMod or equal forced draft burner capable of continuous modulation between 5%
and 100% of rated capacity, without steps. The burner shall operate efficiently at all firing
rates. The burner shall have proven open damper low-high-low prepurge cycle, and
proven low fire start. The combustion air control damper shall be in the closed position
during the off cycle to reduce losses.

The burner shall be specifically designed to burn natural gas and shall include a
microprocessor based flame safeguard control, combustion air proving switch, prepurge
timer and spark ignition. The gas train shall include redundant gas valves, regulators
compatible with project gas pressure requirements, shutoff cock, pilot gas valve, pilot
pressure regulator, and pilot cock. The burner shall be rated for operation and full
modulation capability at inlet gas pressures down to 7.0.in. W.C. The gas burner shall be
controlled by the factory installed main unit control system.
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J. Filters

The burner shall have electric ignition, standing pilot lights are unacceptable.

The burner shall be fired, tested and adjusted at the factory. Final adjustments shall be
made in the field at initial startup by a qualified service technician to verify that installation
and operation of the burner is according to specifications.

Flue collector construction shall consist of type 409 stainless steel. Where applicable by
MA CHPS or code requirements, flue discharge with weather cap shall discharge a
minimum of 2 ft. higher than outdoor air intakes located closer than 25 feet from flue
discharge.

Unit shall be provided with filter sections. The filter sections shall be supplied complete
with the filter rack as an integral part of the unit. The draw-through filter section shall be
provided with panel and cartridge filters.

Filters shall be frame mounted and shall slide into galvanized steel racks contained within
the unit. Filters shall be installed in an angular arrangement to maximize filter area and
minimize filter face velocity. Filters shall be accessible from both sides of the filter section.
4" deep MERV 13, efficient, UL Std. 900, Class 1, AmericanAirFilter cartridge filters shall
be provided. 2" panel, 30% efficient pre-filters shall be included. Cartridge filters shall
consist of filter media permanently attached to a metal frame and shall slide into a
gasketed, extruded aluminum rack contained within the unit. The filter rack shall have
secondary gasketed, hinged end panels to insure proper sealing. Filters shall be
accessible from both sides of the filter section. Filter set quantities shall be provide as
indicated in Part lIl.

K. Outdoor / Return Air Section

1.

Return Air Plenum- Unit shall be provided with a return air plenum capable of for handling
100% re-circulated air. The 100% return air plenum shall allow return air to enter from the
bottom of the unit. McQuay UltraSeal or equal low leak dampers shall be provided.
Damper blades shall be fully gasketed and side sealed and arranged vertically in the
hood. Damper leakage shall be less than 0.2% at 1.5 inches static pressure differential.
Leakage rate to be tested in accordance with AMCA Standard 500. Damper blades shall
be operated from multiple sets of linkages mounted on the leaving face of the dampers.
Control of the dampers shall be from a field installed modulating actuator provided by the
ATC contractor.

L. Energy Recovery Section and Components (As Scheduled)

1.

Provide unit shall be provided with a modulating outdoor air economizer section with an
ARI certified energy recovery wheel. The economizer section shall include outdoor,
return and return exhaust air dampers. Bypass dampers shall be included that
automatically bypass outdoor air around the wheel during economizer operation.
Actuators shall be provided by the ATC contactor.

Outdoor air shall enter at the back of the section through a factory-installed hood capable
of handling 100% outdoor air. The outdoor air hood shall be factory installed and
constructed from galvanized steel finished with the same prepainted finish as the main
unit. The hood shall include a bird screen to prevent infiltration of foreign material and a
rain lip to drain water away from the entering air stream. Return air shall enter through the
bottom of the unit.

The entire section shall be double-wall construction.
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10.

The enthalpy wheel shall be constructed of corrugated synthetic fibrous media, with a
desiccant intimately bound and uniformly and permanently dispersed throughout the
matrix structure of the media. Rotors with desiccants coated, bonded, or synthesized
onto the media are not acceptable due to delamination or erosion of the desiccant
material. Media shall be synthetic to provide corrosion resistance and resistance against
attack from laboratory chemicals present in pharmaceutical, hospital, etc. environments
as well as attack from external outdoor air conditions. Coated aluminum is not acceptable.
Face flatness of the wheel shall be maximized (+/-0.032 in.) in order to minimize wear on
inner seal surfaces and to minimize cross leakage. Rotor shall be constructed of
alternating layers of flat and corrugated media. Wheel layers should be uniform in
construction forming uniform aperture sizes for airflow. Wheel construction shall be fluted
or formed honeycomb geometry so as to eliminate internal wheel bypass. Wheel layers
that can be separated or spread apart by airflow are unacceptable due to the possibility of
channeling, internal bypass or leakage, and performance degradation. The media shall be
in accordance with NFPA or UL guidelines. The desiccant material shall be a molecular
sieve, specifically a 4A or smaller molecular sieve to minimize cross contamination. The
wheel frames shall consist of evenly spaced steel spokes, galvanized steel outer band
and rigid center hub. The wheel construction should allow for post fabrication wheel
alignment. The wheel seals shall be brush seals, neoprene bulb seals, or equivalent.
Seals should be easily adjustable. Cassettes shall be fabricated of heavy duty reinforced
galvanized steel. Cassettes shall have a built-in adjustable purge section minimizing
cross contamination of supply air. Bearings shall be in board, zero maintenance,
permanently sealed roller bearings, or alternatively, external flanged bearings.

Drive systems shall consist of fractional horsepower A.C.drive motors with multilink drive
belts. The wheel shall be tested in accordance with NFPA or UL guidelines and shall be
UL recognized or equivalent.

The wheel capacity, air pressure drop, and efficiency shall be ARI certified by ARI and its
testing agencies. Alternative independent performance testing must be pre-approved to
be accepted.

Wheel shall be provided with variable speed control for frost protection.

The wheel recovers energy from the factory-supplied return exhaust section and includes
an airfoil fan and motor in accordance with construction already specified. Gravity relief
dampers and fold-out exhaust hood shall be provided.

All necessary exhaust fan motors, branch short circuit protection, and wiring shall be
provided.

Two-inch, 30% pleated filters shall be provided in both air inlets to protect the wheel from
dust and dirt in both the outdoor and return/exhaust air paths. Dampers to be McQuay
UltraSeal or equal, low-leak type, and shall be provided on outdoor or return dampers.
Damper blades shall be fully gasketed and side sealed and arranged horizontally in the
hood. Damper leakage shall be less than 0.2% at 1.5 inches static pressure differential.
Leakage rate to be tested in accordance with AMC Standard 500. Damper blades shall be
operated from multiple sets of linkages mounted on the leaving face of the dampers.

M.  Access Sections - Unit shall be provided with factory installed access sections located as
shown/indicated on the drawings. Access sections shall have hinged access doors on both sides
of the section and shall have the same construction features as the rest of the unit.

N. Discharge and Return Plenum - A supply air discharge and return plenum shall be provided.
The plenum section shall be lined with a perforated acoustic liner (rated per ASTM C1071
Standards) to enhance sound attenuation. The plenum section shall have a bottom discharge
opening. Isolation dampers shall be provided in the bottom return air opening and bottom
supply air openings. Actuators shall be provided by the ATC contractor to close the dampers
when the fans are not running.
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0.

Condensing Unit

1.

10.

11.

The condensing section shall be open on the sides and bottom to provide access and to
allow airflow through the coils. Condenser coils shall be multi-row and fabricated from
cast aluminum micro-channel coils. Each condenser coil shall be factory leak tested with
high-pressure air under water. Coils are to be recessed so that the cabinet provides built
in hail protection.

Condenser fans shall be direct drive, propeller type designed for low tip speed and vertical
air discharge. Condenser fan rpm shall be 1140 rpm maximum. Fan blades shall be
constructed of steel and riveted to a steel center hub. Condenser fan motors shall be
heavy-duty, inherently protected, three-phase, non-reversing type with permanently
lubricated ball bearing and integral rain shield.

Each circuit shall have fan cycling of at least one condenser fan to maintain positive head
pressure. An ambient thermostat shall prevent the refrigeration system from operating
below 45° F.

Liquid tight conduit shall be provided on exposed condensing section wiring.
Compressors- Each unit shall have multiple, heavy-duty Copeland scroll compressors.
Each compressor shall be complete with crankcase heater, sight-glass, anti-slug
protection, current sensing and motor temperature sensing, motor overload protection
and a time delay to prevent short cycling and simultaneous starting of compressors
following a power failure. Compressors shall be isolated with resilient rubber isolators to
decrease noise transmission.

Refrigeration Controls - Each unit shall have two independent refrigeration circuits. Each
circuit shall be complete with low pressure control, filter-drier, liquid moisture
indicator/sight-glass, solenoid, thermal expansion valve, liquid line shutoff valve with
charging port, discharge line shutoff valve, a manual reset high pressure safety switch
and high pressure relief device. The thermal expansion valve shall be capable of
modulation from 100% to 25% of its rated capacity. Sightglasses shall be accessible for
viewing without disrupting unit operation. Each circuit shall be dehydrated and leak tested.
Capacity Control- Refrigeration capacity control shall be accomplished by staging of the
unit’'s multiple compressors. To maintain desired temperature control, the unit shall have
a minimum four steps of capacity control.

All compressor capacity control staging shall be controlled by the factory installed main
unit control system.

Hot gas bypass control shall be factory installed on one refrigerant circuits. Hot gas
bypass control shall include a modulating hot gas bypass control valve, associated piping
and be automatically operated by the units microprocessor control.

A vandal protection screen shall be provided on the condensing section. It will be
constructed from PVC coated, 12-gauge steel wire.

Modulating hot gas reheat shall be provided on the lead circuit complete with modulating
valves, micro-channel refrigerant reheat coil, and dehumidification control. Controls shall
maintain £ .5°F control of the reheat coil leaving air temperature.

Roof Curb — Refer to Section 23 05 48

Controls

1.

General — Automatic Temperature controls for Rooftop unit shall be DDC (direct digital
control type). All sensors, actuators, controls not indicated in the specifications above
shall be provided by the ATC/DDC controls contractor.

Unit manufacturer shall provide terminal strips for all control devices not furnished by ATC
contractor. Including but not limited to modulating gas valve, compressor capacity
controls, and hot gas subcool and reheat control.

Refer to Specification Section 23 00 00 ATC control specification requirements and
Control Diagram Drawings for Rooftop unit control requirements and expanded sequence
of operation and required points list.

HVAC
230000 - 51



omr architects inc. CONCORD CARLISLE HIGH SCHOOL
AUGUST 15, 2012 CONCORD, MA

213

4, HVAC and ATC Contractors shall coordinate with unit manufacturer to ensure all
sequence of operation and control points are achieved with the BMS to complete the
specified sequence of operation and points lists.

ROOFTOP H & V UNITS GAS FIRED (HV) (Refer to section 018100 Commissioning for
additional contract requirements)

General: Rooftop unit shall be factory assembled with single pipe gas connection, piped, wired,
and test fired, designed for roof or slab installation and consisting of Furnace Section, Fan
Section, Downflow Supply Plenum, Bottom Return/100% Outside Air Section as defined on the
in the drawings and in the schedule. Capacities and electrical characteristics shall be as
scheduled.

Casing: Manufacturer's standard casing construction, having corrosion protection coating and
exterior finish. Casings shall have removable panels or access doors for inspection and service,
a minimum of 1" thick thermal insulation, knockouts for electrical and piping connections,
exterior condensate drain connection, and lifting lugs.

Roof Curbs: Refer to section 23 05 48.

Supply Fans:

1. Fans must be dynamically balanced for quiet operation and shall contain belt-driven
centrifugal fans with adjustable pitch motor sheaves. After balancing this supplier to
provide fixed sheave of proper pitch to meet design conditions.

Burners:

1. Burners shall be die-formed with stamped porting and stainless steel port protectors to
prevent scale or foreign matter from obstructing the burner ports. Burner construction
shall consist of:

a. Type 409 stainless steel.
b. Modulating Gas Valve, minimum 10 to 1 turndown.
C. Electric ignition, standing pilots lights are unacceptable.
2. Burners must be individually removable for ease of cleaning and servicing. The entire

burner assembly must be easily removable with a slide-out drawer design. The pilot must
be accessible through a pilot access plate without removing the burner assembly.

Heat Exchanger:
1. Heat exchanger construction shall consist of 20 gauge type 321 stainless steel tubes,
seam welded, and 20 gauge headers.

Venting System:

1. Flue collector construction shall consist of type 409 stainless steel.

2. Rooftop shall be provided with a power vent fan. Outside air for combustion and products
of combustion shall have individual air inlet and discharge grilles located in the upper
section of a split burner service panel.

Controls - Electric and Gas:

1. A factory installed control box or junction box shall be provided for all power connections.
A 24 volt control transformer, high limit, and fan time delay relay must be provided. The
fan time delay relay delays the fan start until the heat exchanger reaches a predetermined
temperature. It also allows the fan to operate after burner shutdown to remove residual
heat from the heat exchanger.
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2. Rooftop units shall be provided with gas valves suitable for Class 2, maximum inlet
pressure of 0.5 psi (14" W.C.) on natural gas. The 24 volt combination automatic gas
valves must include a main operating valve, pilot safety shutoff, pressure regulator,
manual main and pilot shutoff valve, and adjustable pilot valve. Gas valves shall be
electronic 100% modulating. Ignition shall be at full fire (100% input) and modulate the
gas input from 100 to 0% rated input. Gas valve shall be energized through a duct
thermostat with an override room thermostat which shall cause the unit to go to full fire
when the room temperature falls below the override room thermostat's set point. Refer to
schedule for exact operating gas pressure.

3. A solid-state ignition control system shall be provided which ignites the pilot by spark
during each cycle of operation. When pilot flame is proven, main burner valve shall open
to allow gas flow to burners. Pilot and burners must be extinguished during the off cycle.

4. Provide gas inlet pressure proving switch.

Temperature Controls are to be furnished and installed by the ATC Contractor. Unit
manufacturer shall provide terminal strips control devices not furnished by ATC contractor,
including modulating gas valve. Refer to Specification Section 23 00 00 ATC control
specification requirements and Control Diagram Drawings for Rooftop unit control requirements
and expanded sequence of operation and required points list. HVAC and ATC Contractors
shall coordinate with unit manufacturer to ensure all sequence of operation and control points
are achieved with the BMS to complete the specified sequence of operation and points lists.

Filters: Unit to be furnished with 2” pleated supply air filters with MERV -13 efficiency. Filters
quantities shall be provided as indicated in Part Ill.

Manufacturers: Subject to compliance with requirements, provide units of one of the following:
Greenheck

Sterling

Reznor

McQuay

Trane

Or Equal.

cokwb=

VARIABLE AIR VOLUME BOX (VAV)

General: Provide factory-fabricated and tested air terminals as indicated, selected with
performance characteristics which match or exceed those indicated on schedule.

Casings: Construct of die-cast aluminum or sheet metal of the following minimum thicknesses:

Steel Aluminum

1. Upstream Pressure Side: 24-ga. 0.032"

2. Downstream Pressure Side; 26-ga. 0.025"

3. Provide hanger brackets for attachment of supports.

4. Linings: Line inside surfaces of casings with hospital grade lining material meeting ASTM
Standard C1071 to provide acoustic performance, thermal insulation, and to prevent
condensation on outside surfaces of casing. Provide minimum thickness of 1". Secure
lining to prevent delamination, sagging or settling. Seal edges of lining to prevent fraying.
a. Cover liner surfaces and edges with mylar, foil or perforated metal.

5. Leakage: Construct casings such that when subjected to 0.5-in w.g. pressure for low

pressure units, and 3.0-in w.g. pressure for high pressure units, total leakage does not
exceed 4% of specified air flow capacity with outlets sealed and inlets wide open.
Construct air dampers such that when subjected to 6.0-in w.g. inlet pressure with damper
closed, total leakage does not exceed 10% of specified air flow capacity.
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Air Dampers: Construct of materials that cannot corrode, do not require lubrication, nor require
periodic servicing. Provide maximum volume dampers, pressure independent that are
calibrated in cfm, factory-adjusted, and marked for specified air capacities. Provide mechanism
to vary air volume thru damper from minimum to maximum, in response to signal from
thermostat.

Controls: Provide controls accurate to 1.5 degrees F(0.8 degrees C) and adjustable from 65

degrees F (22 degrees C) to 85 degrees F (29 degrees C).

1. ATC Contractor to provide and field install DDC controls, compatible with automatic
temperature control system specified in other Division-15 sections. All testing and
commissioning shall be completed in field.

Identification: Provide label on each unit indicating Unit Number, cfm range, cfm factory-setting,
and calibration curve (if required).

Coils: Provide the following coils as indicated on Drawings and schedule:
1. Hot Water Heating Coils: Provide heating coils constructed of copper tubes and
aluminum fins with galvanized steel casing.

Manufacturer: Subject to compliance with requirements, provide variable air volume boxes of
one of the following:

1. Price

2. Carnes Co.

3. Titus Products Div.
4, Or equal

KITCHEN GAS FIRED MAKE-UP AIR UNIT (MAU) (Refer to section 018100 Commissioning for
additional contract requirements)

Gas Train and Controls: Indirect fired gas system shall have a draw through design, field
adjustable burner baffles and Maxon type NP burner for optimal burning efficiency. Flame
safeguard shall be Honeywell 7800 series with digital coded fault indicator capability. Fault
indicator shall provide service history by storing codes for the last five faults. Safety shutoff
valves shall be industrial duty and use 120 VAC control signals. Temperature control shall
incorporate an electronic modulation control system.

Unit Casing and Frames: Unit shall be of internal frame type construction of galvanized steel.
All frames and panels shall be G90 galvanized steel. Where top panels are joined there shall be
a standing seam to insure positive weather protection. All metal-to-metal surfaces exposed to
the weather shall be sealed, requiring no caulking at job site. All components shall be easily
accessible through removable or hinged doors.

Insulation: Unit casing to be lined with 1 in. fiberglass insulation. Insulation in accordance with
NFPA 90A and tested to meet UL 181 erosion requirements and secured to unit with waterproof
adhesive and permanent mechanical fasteners.

Fan Section: Centrifugal fans shall be double width, double inlet. Fan and motor shall be
mounted on a common base and shall be internally isolated. All blower wheels shall be statically
and dynamically balanced. Ground and polished steel shafts shall be mounted in permanently
lubricated ball bearings (up to size 118) or ball bearing pillow blocks (size 120 or larger).
Bearings shall be selected for a minimum (size 120 or larger). Bearings shall be selected for a
minimum (L10) life in excess of 100,000 hours at maximum cataloged speeds.
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Heat Exchanger: The heat exchanger shall be heavy-duty stainless steel with airfoil contoured
die-formed tubes, individually removable aluminized steel burner with stainless steel ribbons and
cross lighter, pilot assembly, and slide out burner tray. Burner shall also include a balanced flue
design, gravity venting system for operation with either natural or LP gas at the inlet pressure
indicated on the schedule. Each furnace shall be constructed with an aluminized steel casing
with baked on enamel finish. Standard controls shall include a main gas pressure regulator,
main modulating gas valve with 10 to 1 turndown, spark ignition, safety pilot, high limit, and 24 V
control transformer. Electric ignition, standing pilots lights are unacceptable.

Motors and Drives: Motors shall be VFD rated energy efficient, complying with EPACT
standards, for single speed ODP and TE enclosures. Motors shall be permanently lubricated,
heavy-duty type, matched to the fan load and furnished at the specified voltage, phase and
enclosure. Drives shall be sized for a minimum of 150% of driven horsepower. Pulleys shall be
cast and have machined surfaces, 10 horsepower and less shall be supplied with an adjustable
drive pulley.

Electrical:  All internal electrical components shall be pre-wired for single point power
connection. All electrical components shall be UL listed, recognized or classified where
applicable and wired in compliance with the National Electrical Code. Control center shall
include motor starter, control circuit fusing, control transformer for 120 VAC circuit, integral door
interlocking disconnect switch with separate motor fusing and terminal strip. Contactors, Class
20 adjustable overload protection and single phase protection shall be standard.

Filter Section: Filters shall be 2° MERV 13 mounted in a V-bank arrangement such that
velocities across the filters do not exceed 550.0 feet per minute. Filters shall be accessible
through a removable access panel. Filter quantities shall be provided as indicated in Part Ill.

Temperature Controls are to be furnished and installed by the ATC Contractor. Unit
manufacturer shall provide terminal strips control devices not furnished by ATC contractor,
including modulating gas valve. Refer to Specification Section 23 00 00 ATC control
specification requirements and Control Diagram Drawings for Rooftop unit control requirements
and expanded sequence of operation and required points list. HVAC and ATC Contractors
shall coordinate with unit manufacturer to ensure all sequence of operation and control points
are achieved with the BMS to complete the specified sequence of operation and points lists.

Weather Hood: Weather hood shall be constructed of G90 galvanized steel with birdscreen
mounted at the intake.

Manufacturer: Subject to compliance with the above, provide Kitchen Make-Up Air Unit of one
of the following:

1. Greenheck
2 Cook

3. Carnes

4, CaptiveAire
5 Or Equal.

TERMINAL HEATING UNITS (HYDRONIC) (Refer to section 018100 Commissioning for
additional contract requirements)

Finned Tube Radiation:

1. General: Provide finned tube radiation of lengths and in locations as indicated, and of
capacities, style, and having accessories as scheduled.
2. Cabinets: Minimum 18-ga cold-rolled steel full backplate, minimum 14-ga front. Brace

and reinforce front minimum of 4'-0" o.c. without visible fasteners.
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Elements: Copper tube and aluminum fins, or steel tube and steel fin (as scheduled) with
tube mechanically expanded into fin collars to eliminate noise and insure durability and
performance at scheduled ratings.

4. Finish: Flat black heat resisting paint for backplate; factory finished baked enamel on
fronts and accessories. Color as selected by Architect.

5. Accessories:

a. End panels, inside and outside corners, and enclosure extension.
b Access panels in front of valves, balancing cocks, and traps.

c. Factory-mounted dampers.

d Ball bearing hangers.

6. Manufacturer: Subject to compliance with requirements, provide finned tube radiation of

one of the following:

a. Slant/Fin Corp.

b. Rittling

C. Sterling Radiator; Div. of Reed National Corp.
B. Hydronic Convectors

1. General: Provide convectors having cabinet sizes and in locations as indicated, and of
capacities, style, and having accessories as scheduled.

2. Cabinets: Minimum 14-ga steel front and top panels, 18-ga side panels, and 20-ga back
panels. Phosphatize and galvanize back panels, phosphatize and paint tops, sides, and
fronts, with one coat of primer and factory finished baked enamel. Secure fronts in place
with quick opening slide bolts or camlock fasteners.

a. Recessed Cabinets: One-piece front panel, with 4-side gasketed overlap.

3. Elements: Aluminum fins, ribbed steel side plates, fin tube supports and copper tubes,
cast-iron headers. Factory test each element to 150 PSI air pressure under water.

4. Accessories: Provide the following accessories.

a. Factory-mounted dampers.
b. 1/2" insulation on front
C. Access doors in front for valve access.
5. Manufacturer: Subject to compliance with requirements, provide convectors of one of the

following:

Airtherm Mfg. Co.,

American Air Filter Co.
Burnham Corp.; Hydronics Div.
Rittling

Trane (The) Co.

Or Equal.

~PooTp

C. Unit Heaters (UH) (Horizontal Type)

1.

2.

General: Provide horizontal unit heaters in locations as indicated, and of capacities, style,
and having accessories as scheduled.

Construction:

a. Casings: Construct of steel, phosphatized inside and out, and finished with baked
enamel. Provide adjustable face air diffuser.

b. Fans: Construct of aluminum and factory-balance. Design so motor and fan
assembly is removable through fan outlet panel.

C. Coils: Construct of plate-type aluminum fins, mechanically bonded to copper
tubes. Design coil for use in hot water applications.

d. Motors: Provide totally enclosed motors, with built-in overload protection, having

electrical characteristics as scheduled.
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Manufacturer: Subject to compliance with requirements, provide horizontal unit heaters of
one of the following:

a. Airtherm Mfg. Co.

b Rittling

c Trane (The) Co.
d. Modine

e Or Equal.

D. Unit Heaters (UH) (Cabinet Type)

1.

General: Provide cabinet unit heaters having cabinet sizes and in locations as indicated,
and of capacities, style, and having accessories as scheduled. Include in basic unit
chassis, coil, fanboard, fan wheels, housings, motor, and insulation.

Construction:

a. Chassis: Galvanized steel wrap-ground structural frame with edges flanged.

b. Insulation: Faced, heavy density glass fiber.

c. Cabinet: 14-ga removable front panel, 18-ga top and side panels. Insulate front

panel over entire coil section. Provide access door on coil connection side. Clean
cabinet parts, bonderize, phosphatize, and flow-coat with baked-on primer and
baked enamel finish paint with color as selected by Architect. Provide sample
selection chart.

d. Water Coils: Construct of 5/8" seamless copper tubes mechanically bonded to
configured aluminum fins. Design for 300 psi and leak test at 300 psi under water.
Provide same end connections for supply and return.

e. Fans: Provide centrifugal, forward curved double width fan wheels constructed of
non-corrosive, molded, fiberglass reinforced thermo-plastic material. Construct fan
scrolls of galvanized steel.

f. Motors: Provide shaded pole motors with integral thermal over-load protection, and
motor cords for plug-in to junction box in unit. Provide three speed switch on fan
motor.

g. Filters: Provide 1" thick throwaway type filters in fiberboard frames.

Manufacturer: Subject to compliance with requirements, provide cabinet heaters of one
of the following:

a. McQuay Inc.

b Trane (The) Co.

C. Young Radiator Co.
d. Rittling

e Or Equal.

E. Radiant Heating Panels

1.

2.
3.

Radiant Panels shall be manufactured of copper tubing and consisting of header pipes at
each end.

Tube thicknesses shall be medium pressure — 0.058" min wall thickness.

Radiant Panel header pipes shall be square 0.109" min wall thickness and include all
necessary supply, return, and air vent connections. Internal baffling shall be provided as
required.

Piping connections shall be 3/4" NPT. Air vent connections shall be 1/8" NPT taper
threaded sockets.

Working pressure shall be medium pressure — 85 psi max (Tested at 110 psi).

Radiant Panel expansion shall not exceed 0.016 inch per linear foot at 215°F.

Radiant Panels shall be cleaned and phosphatized in preparation for the powder coat
finish.

Finish Style and Color of the Panel shall be selected by Architect from available standard
or optional colors prior to ordering.

Ceiling mounting brackets shall be provided with radiation panels.
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10. Radiation Panels shall have the sizes, capacities, and quantities as shown on the plans
and schedules.
11. Install panel radiators in accordance with manufacturer's recommendations.
12.  Provide manufactures standard connector and end cap pieces as required to provide a
continuous appearance.
13. Manufactures: Sterling, Sun El, Runtal or Equal

217

TERMINAL HEATING UNITS (ELECTRIC) (Refer to section 018100 Commissioning for
additional contract requirements)

Electric Propeller Unit Heaters (UH)

1.

Materials and Equipment:

a. General: Except as otherwise indicated, provide manufacturer's standard electric
propeller unit heater materials and components as indicated by published product
information, designed and constructed as recommended by manufacturer, and as
required for a complete installation.

Heating Elements:

a. General: Except as otherwise indicated, provide manufacturer's standard heating
elements of types, sizes, capacities, and ratings for duty indicated; consisting of
resistance elements in steel sheath with extended fins, or with spirally finned
sheath.

b. Heating Capacity: Size elements for indicated fan speed, CFM, room heating load
(BTUH), entering air temperature, and electric inputs (watts, voltage, phase).

Casings:

a. General: Provide casings braced and reinforced to provide required stiffness, and
with adjustable heating element supports and brackets. Provide rounded corners.
Phosphatize and paint casings inside and out with single coat of baked-on enamel;
and zinc plate hardware. Include fan orifice (venturi) in casing, as well as threaded
hanger connections (weld nuts). Fabricate from 18-gage galvanized steel.

Air Deflectors:

a. General: Provide manufacturer's standard air deflectors of the following types:

1) 4-way finned louvers.
2) Cone diffusers.

3) Vane outlets.

4) Louver outlets.

Motors:

a. General: Provide totally enclosed shaded-pole, or permanent-split capacitor
motors, Class "B" insulation, resiliently mounted, tap wound with built-in thermal
overload protection, and with sleeve type or permanently lubricated ball bearings.

b. Internal Electrical Wiring: Provide units with high temperature, heat-resistant
electrical wiring enclosed in flexible metal conduit extending from terminal junction
box to electrical devices. Provide fusing for motor and control circuit wiring.

C. Devices: Provide propeller unit heaters with the following devices:

1) Thermally activated fan switch to keep fan motor operating until residual
heat is dissipated.

2) Disconnect switch.

3) Automatic reset, high limit cut-out switch located in discharge air stream.

4) Magnetic contractor.

5) Transformer.

Fans:

a. General: Provide aluminum propeller fans which are balanced statically and
dynamically, of indicated capacity. Provide fans suitable for standard or sparkproof
application.
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2.18

Manufacturers: Subject to compliance with requirements, provide propeller unit heaters
of one if the following:

Chromalox Div.; Emerson Electric Co.

Federal Pacific Electric Co.

Gould Inc.

Markel Nuton Div.; Scoville Inc.

TPI Corporation.

Qmark

Or Equal.

@ poooTp

POWER AND GRAVITY VENTILATORS (Refer to section 018100 Commissioning for additional
contract requirements)

General: Except as otherwise indicated, provide standard prefabricated power and gravity
ventilator units of type and size indicated, modified as necessary to comply with requirements,
and as required for complete installation.

Refer to Division-23 automatic temperature control for control sequence.

Roof Fans (EF)

1.

Type: Centrifugal fan, direct or belt driven as scheduled. Provide aluminum, or
galvanized steel, weatherproof housings as scheduled. Provide square base to suit roof
curb. Provide permanent split-capacitor type motor for direct driven fans; capacitor-start,
induction-run type motor for belt driven fans.

Electrical: Provide factory-wired non-fusible type disconnect switch at motor in fan
housing. Provide thermal overload protection in fan motor. Provide conduit chase within
unit for electrical connection.

Bird Screens: Provide removable bird screens, 1/2" mesh, 16-ga. aluminum or brass
wire.

Motor Operated Dampers: Provide louvered dampers with linkage below curb base
(maximum of 6").

Manufacturer:  Subject to compliance with requirements, provide centrifugal roof
ventilators of one of the following:

a. Carnes Co., Div. of Wehr Corp.

b Cook Co., Loren.

c Greenheck Fan Corp.

d. Penn Ventilator Co., Inc.

e Power Line Fans; Div. of Torin Corp.

Propeller Wall Fans (EF)

1.

ok w

Type: Propeller fan, direct or belt driven as scheduled. Provide extruded-aluminum
blades. Fasten to die-cast hub. Provide wall sleeve, of length to suit wall thickness.
Provide permanent split-capacitor type motor for direct driven fans, capacitor-start,
induction-run type motor for belt driven fans.

Electrical: Provide factory-wired non-fusible type disconnect switch at motor in fan
housing. Provide thermal overload protection in fan motor. Provide conduit chase within
unit for electrical connection.

Motor Cage: Provide removable motor cage of 1/2" x 1" mesh, 16-ga. vinyl coated wire.
Dampers: Provide gravity operated louvered backdraft damper in wall sleeve.
Manufacturer: Subject to compliance with requirements, provide propeller wall ventilators
of one of the following:

a. Acme Engineering & Mfg. Corp.

b. Briedert Co., C.G.
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C. Carnes Co., Div. of Wehr Corp.
d. ILG Industries, Inc.
e. Penn Ventilator Co., Inc.
f. Power Line Fans; Div. of Torin Corp.
g. Swartwout Industries Inc.
h. Or Equal.

E. Centrifugal In-Line Fans (EF)

1.

General: Fans shall be of the centrifugal belt or direct driven in-line type. Units shall bear
AMCA label.

2. Fan Housing: Shall be of the square design constructed of heavy gauge galvanized steel
and shall include square duct mounting collars. Unit shall include two removable access
panels located perpendicular to the motor mounting panel. The access panels must be of
sufficient size to permit easy access to all interior components.

3. Fan Wheel: Shall be centrifugal backward inclined, constructed of aluminum and shall
include a wheel cone carefully matched to the inlet cone for precise running tolerances.
Wheels shall be statically and dynamically balanced.

4. Motors: Shall be heavy duty ball bearing type, carefully matched to the fan load and
furnished at the specified voltage, phase, and enclosure. Motors and drives shall be
mounted out of the airstream. Motors shall be readily accessible for maintenance.

5. Shafts and Drives: Precision ground and polished fan shafts shall be mounted in
permanently sealed, lubricated pillow block ball bearings. Bearings shall be selected for a
minimum (L50) life in excess of 200,000 hours at maximum cataloged operating speed.
Drives shall be sized for a minimum of 150% of driven horsepower. Pulleys shall be of
the fully machined cast iron type, keyed and securely attached to the wheel and motor
shafts. Motor pulleys shall be adjustable for final system balancing. A NEMA 1
disconnect switch shall be provided, factory wired.

6. Manufacturer: Subject to compliance with requirements, provide centrifugal in-line fans of
one of the following:

a. Greenheck Fan Corp.
b. Carnes CO., Div. of Wehr Corp.
C. Cook Co., Loren.
d. Penn Ventilator Co., Inc.
e. Power Line Fans; Div. of Torin Corp.
f. Or Equal.
F. Laboratory Exhaust Fans

1. General
a. Base fan performance at standard conditions (density 0.075 Lb/ft3 ).

b. Fans selected shall be capable of accommodating static pressure and flow
variations of +/-15% of scheduled values.

C. Each fan shall be belt driven.

d. Fans to be equipped with lifting lugs.

e. Fan to be coated steel with a minimum of 4 mils of Hi-Pro Polyester Resin. Color to
be gray.

f. Fasteners to be stainless steel.

g. Fan assembly shall be designed for a minimum of 125 MPH wind loading, without
the use of guy wires.

2. Corrosion Resistant Coating

a. All fan and system components (fan, nozzle, wind band, plenum) shall be corrosion
resistant coated with LabCoat™, a two part electrostatically applied and baked,
sustainable, corrosion resistant coating system; or Heresite P-413C. Standard
finish color to be gray.
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b. All parts shall be cleaned and chemically prepared for coating using a multi-stage
wash system which includes acid pickling that removes oxide, increases surface
area, and improves coating bond to the substrate.

c. The first powder coat applied over the prepared surface shall be a zinc rich epoxy
primer (no less than 70% zinc) and heated to a gelatinous consistency (partial
cure) at which the second powder coat of polyester resin shall be electrostatically
applied and simultaneously be cured at a uniform temperature of 400°F.

d. The coating system shall not be less than a total thickness of 6 mils, is not
affected by the UV component of sunlight (does not chalk), and has superior
corrosion resistance to acid, alkali, and solvents. Coating system shall exceed
4000 hour ASTM B117 Salt Spray Resistance.

e. Note that 10-20 mil thick wet coating systems pollute the environment (air and
water), and that these manually applied coatings are not uniform over the impeller
surface and can cause fan imbalance and vibration.

3. Fan Housing And Outlet

a. Fan housing to be aerodynamically designed with high-efficiency inlet, engineered
to reduce incoming air turbulence.

b. Fan housing shall be welded steel with a minimum of 4 mils of Hi-Pro Polyester
Resin. No uncoated metal fan parts shall be acceptable.

C. Fan housings that are fabricated of polypropylene or fiberglass that have lower

mechanical properties than steel, have rough interior surfaces in which corrosive,
hazardous compounds can collect, and / or which chalk and structurally degrade
due to the UV component of the sunlight shall not be acceptable.

d. A high velocity conical discharge nozzle shall be supplied by the fan manufacturer
and be designed to efficiently handle an outlet velocity of up to 6000 FPM.
Discharge stack caps or hinged covers, impeding exhaust flow shall not be

permitted.

e. Provide housing drain for removal of rain and condensation.

f. A bolted and gasketed access door shall be supplied in the fan housing allowing for
impeller inspection or removal of impeller, shaft and bearings without removal of
the fan housing.

g. Standard finish color to be gray.

4. Fan Impeller
a. Fan impeller shall be centrifugal, backward inclined, with non-stall characteristics.

The impeller shall be electronically balanced both statically and dynamically per
AMCA Standard 204.
b. Fan impeller shall be manufactured of aluminum (AMCA type B spark resistant),
fully welded and meet specification section 2.15 for corrosion resistant coating.
5. Fan Bypass Air Plenum

a. For constant volume systems, the fan shall be connected directly to the exhaust
duct without the need of a bypass air plenum.
b. For variable volume systems, a bypass air plenum shall be provided. The plenum

shall be equipped with a bypass air damper and intake air hood with bird screen for
introducing outside air at roof level upstream of the fan.

C. The plenum shall be constructed of fully welded steel, meet specification section
2.15 for corrosion resistant coating, and mount on roof curb as shown on the
project drawings. Plenums that are fabricated of plastics or resins that are
combustible and have mechanical properties less than steel shall not be

acceptable.

d. The bypass air plenum shall be mounted on factory fabricated roof curb provided
by the fan manufacturer, as shown on the project drawings (see section 2.5)

e. Fan designs that use inlet flexible connectors that can leak causing loss of lab
exhaust shall not be accepted.

f. Bypass air dampers shall be opposed-blade design, and coated with a minimum of

4 mils of Hi-Pro Polyester resin, electrostatically applied and baked.
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A fan isolation damper, either gravity back draft or two position actuated, fabricated
of steel or aluminum and coated with minimum 4 mils of Hi-Pro Polyester resin,
electrostatically applied and baked, shall be provided as shown on the project
documents.

Blower / Plenum vibration isolation shall be limited to neoprene / cork vibration
pads.

Bypass Air Plenum Curb

a.

b.

C.
d.

Exhaust system manufacturer shall supply a structural support curb for the plenum,
of specified height, as shown on the drawings.

Curb shall be fabricated of a minimum of 12 gauge corrosion resistant coated steel
and structurally reinforced.

Curbs shall be insulated.

When properly anchored to the roof structure, the standard curb / plenum / blower
assembly shall withstand wind loads of up to 125 mph without additional structural
support.

Fan Motors And Drive

a.

e.
Install
a.
b.
c.

Motors to be premium efficiency, standard NEMA frame, TEFC with a 1.15 service
factor. A factory mounted NEMA 3R disconnect switch shall be provided for each
fan. Motor maintenance shall be accomplished without fan impeller removal or
requiring maintenance personnel to access the contaminated exhaust components.
Drive belts and sheaves shall be sized for 200% of the motor horsepower, and
shall be readily and easily accessible for service, if required. Drive shall consist of a
minimum of two belts under all circumstances.

Shaft to be polished and ground steel.

Fan shaft bearings shall be Air Handling Quality, ball or roller pillow block type and
be sized for an

L-10 life of no less than 100,000 hours. Bearings shall be fixed to the fan shaft
using concentric mounting locking collars, which reduce vibration, increase service
life, and improve serviceability. Bearings that use set screws shall not be allowed.
All shaft bearings shall have extended lube lines with zerk fittings.

ation

Install fans as indicated, with flexible electrical leads.
Pipe housing drain to nearest drain.
Install fans in accordance with manufacturer’s instructions.

Acceptable Manufacturers

a.
b.

C.
d.

Greenheck Fan Corp, Model Vektor High Plume Laboratory Exhaust System (as
scheduled)

Strobic Air

MK Plastics

Approved equal.

G. Roof Hoods (RH)

1.

2.
3.

Type:

Stationary, natural draft type. Provide weatherproof housings to match power

ventilators in materials and finish. Provide square or rectangular base to suit roof curb.
Bird Screens: Provide removable bird screens, 1/2" mesh, 16-ga aluminum or brass wire.

Motor

Operated Dampers: Provide dampers with linkage below curb base (maximum of

6"). Refer to Division 23 Automatic Temperature Control section for control sequence.
Manufacturer: Subject to compliance with requirements, provide gravity ventilators of the

following:

a. Carnes Co., Div. of Wehr Corp.

b. Cook Co., Loren.

C. Penn Ventilator Co,. Inc.

d. Power Line Fans; Div. of Torin Corp.
e. Greenheck Fan Corp.

f. Or Equal.
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H. Prefabricated Roof Curbs

1.

Manufacturer of ventilating unit shall provide his standard 18” high roof curb compatible
with unit being provided. Curb shall be insulated and sloped to allow for level installation
of device. Provide all necessary nailers, cants, etc. for a complete installation.

2.19 METAL DUCTWORK (Refer to section 018100 Commissioning for additional contract
requirements)

A. Ductwork Materials:

1.

Exposed Ductwork Materials: Where ductwork is indicated to be exposed to view in
occupied spaces, provide materials which are free from visual imperfections including
piping, seam marks, roller marks, stains and discolorations, and other imperfections,
including those which would impair painting.

Sheet Metal: Except as otherwise indicated, fabricate ductwork from galvanized sheet
steel complying with ASTM A 527, lock forming quality, with G 90 zinc coating in
accordance with ASTM A 525; and mill phosphatized for exposed locations.

Stainless Steel Sheet: Where indicated, provide stainless steel complying with ASTM A
167; Type 302, 304, or 316; with No. 1 finish elsewhere. Protect finished surfaces with
mill-applied adhesive protective paper, maintained through fabrication and installation. For
exposed stainless steel ductwork, provide matching stainless steel support materials.
Aluminum Sheet: Dishwasher exhaust shall be constructed of aluminum sheet complying
with ASTM B 209, Alloy 3003, Temper H14. Dishwasher exhaust shall have all seams
soldered vapor tight. For aluminum ductwork, provide aluminum support materials.

B. Miscellaneous Ductwork Materials:

1.

General: Provide miscellaneous materials and products of types and sizes indicated and,

where not otherwise indicated, provide type and size required to comply with ductwork

system requirements including proper connection of ductwork and equipment.

Fittings: Provide radius type fittings fabricated of multiple sections with maximum 15

degree change of direction per section. Unless specifically detailed otherwise, use 45

degree laterals and 45 degree elbows for branch takeoff connections. Where 90 degree

branches are indicated, provide conical type tees.

Duct Liner: Refer to “Acoustic Duct Lining Section”.

Duct Liner Adhesive: Comply with ASTM C 916 "Specification for Adhesives for Duct

Thermal Insulation".

Duct Liner Fasteners: Comply with SMACNA HVAC Duct construction Standards, Article

S2.11.

Duct Sealant: Non-hardening, non-migrating mastic or liquid elastic sealant, type

applicable for fabrication/installation details, as compounded and recommended by

manufacturer specifically for sealing joints and seams in ductwork.

Ductwork Support Materials: Except as otherwise indicated, provide hot-dipped

galvanized steel fasteners, anchors, rods, straps, trim and angles for support of ductwork.

Flexible Ducts: Corrugated aluminum complying with UL 181.

a. Where installed in unconditioned spaces other than return air plenums, provide 1
1/2" (R-5) thick continuous flexible fiberglass sheath with vinyl vapor barrier jacket.

C. Fabrication:

1.

Shop fabricated ductwork in 4, 8, 10 or 12-ft lengths, unless otherwise indicated or
required to complete runs. Preassembled work in shop to greatest extent possible, so as
to minimize field assembly of systems. Disassemble systems only to extent necessary for
shipping and handling. Match-mark sections for reassembly and coordinated installation.
Shop fabricated ductwork of gages and reinforcement complying with SMACNA "HVAC
Duct Construction Standards".
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2.20

Fabricate duct fittings to match adjoining ducts, and to comply with duct requirements as
applicable to fittings. Except as otherwise indicated, fabricate elbows with center-line
radius equal to 1-1/2 times associated duct width; or squared metered elbows with double
thickness turning vanes. Limit angular tapers to 30 degrees for contracting tapers and 20
degrees for expanding tapers.

Fabricate ductwork with accessories installed during fabrication to the greatest extent
possible. Refer to section "Ductwork Accessories" for accessory requirements.

Fabricate ductwork with duct liner in each section of duct where indicated. Laminate liner
to internal surfaces of duct in accordance with instructions by manufacturers of lining and
adhesive, and fasten with mechanical fasteners.

Factory-Fabricated Low Pressure Round And Oval Ductwork:

General: Provide factory-fabricated duct and fittings.

Material: Material type shall be as indicated or, galvanized sheet steel complying with
ASTM A 527, lock forming quality, with ASTM A 525, G90 zinc coating, mill phosphatized.
Gage: 28-gage minimum for round and oval ducts and fittings, 4" through 24" diameter.
Seams: All seams shall be spiral lockseams.

Elbows: One piece construction for 90 degrees and 45 degree elbows 14" and smaller.
Provide multiple gore construction for larger diameters with standing seam circumferential
joint.

Divided flow Fittings: 90 degree tees, constructed with saddle tap spot welded and
bonded to duct fitting body.

Manufacturers: Subject to compliance with requirements, provide factory-fabricated
ductwork of one of the following:

a. Semco Mfg., Inc.

b. United Sheet Metal Div., United McGill Corp.

Kitchen Exhaust Ducts:

1.

General: Fabricate kitchen hood exhaust ducts and supports, used for smoke and vapor
removal from cooking equipment, of 16-ga minimum carbon steel where concealed, and
of 18-ga minimum stainless steel where exposed. For duct construction and installation
requirements, comply with SMACNA "HVAC Duct Construction Standards", and NFPA 96
"Standard for Ventilation Control and Fire Protection of Commercial Cooling Operations"
latest approved edition.

Laboratory Exhaust Ducts:

1.

General: Fabricate laboratory exhaust ducts and supports of 18-ga minimum 316L
stainless steel. All joints shall be welded. For duct construction and installation
requirements, comply with SMACNA "HVAC Duct Construction Standards". Laboratory
exhaust ductwork shall be provided with (2) 1 %" layers of calcined kaolin similar to
Nelson “FSB” flamsheild blanket to achieve a 2 hr. rating when ductwork is not routed in a
rated enclosure. refer to architectural plans for locations of laboratory exhaust ductwork
and architectural enclosure details.

DUCTWORK ACCESSORIES (Refer to section 018100 Commissioning for additional contract
requirements)

Dampers:

1.

2.

Low Pressure Manual Dampers: Provide dampers of single blade type or multi-blade
type, constructed in accordance with SMACNA "HVAC Duct construction Standards".
Automatic Control Dampers: Refer to Division 23 section "Automatic Temperature
Control" for control dampers; not work of this section.
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Backdraft Relief Dampers: Provide dampers with parallel blades, counterbalanced and
factory-set to relieve at .05" static pressure. Construct blades of 16-ga. aluminum;
provide 1/2" diameter ball bearings, 1/2" diameter steel axles spaced on 9" centers.
Construct from 2" x 1/2" x 1/8" steel channel for face areas 25 sq. ft. and under: 4" x 1-
1/4" x 16 ga. channel for face areas over 25 sq. ft. Provide galvanized steel finish on
frame with aluminum touch-up. Provide felted or rubber trim to assure tight, leak-proof
seal when closed.

4. Manufacturer: Subject to compliance with requirements, provide dampers of one of the
following:
a. Air Balance, Inc.
b. Airguarde Corp.
c. American Warming & Ventilating, Inc.
d. Arrow Louver and Damper; Div. of Arrow United Industries, Inc.
e. Louvers & Dampers, Inc.
f. Penn Ventilator Co.
g. Ruskin Mfg. Co.
h. Or Equal.
B. Fire Dampers:

1. Fire Dampers: Provide fire dampers, of types and sizes indicated. Construct casings of
11-ga. galvanized steel. Provide fusible link rated at 160 to 165 degrees F (71 to 74
degrees C) unless otherwise indicated. Provide out of air stream type damper in open
position and with positive lock in closed position with stainless steel heat treated type 301
closure spring, and with the following additional features:

a. Damper Blade Assembly: Curtain type.
b. Blade Material: Steel, match casing.
C. Blade Material: Stainless steel.

2. Combination Fire/Smoke Dampers: Provide fire/smoke dampers, of types and sizes
indicated. Construct casing of 11-ga. galvanized steel with bonded red acrylic enamel
finish. Provide fusible link rated at 160 to 165 degrees F (71 to 74 degrees C) unless
otherwise indicated. Provide additional frangible link containing explosive charge,
connected in series with fusible link. Provide stainless steel spring loaded leakage seals
in sides of casing, and 36" long wire leads for connecting smoke link to smoke detector,
and the following additional features:

a. Damper Blade Assembly: Single-blade type.
b. Damper Blade Assembly: Multi-blade type.
C. Damper Blade Assembly: Curtain type.

d. Blade Material: Steel, matching casing.

e. Blade material: Stainless steel.

3. Motor-Driven Fire/Smoke Dampers: Provide motor-driven fire/smoke dampers in types
and sizes indicated, with casing constructed of 11-ga. galvanized steel with bonded red
acrylic enamel finish, fusible link 160 to 165 degrees F (71 to 74 degrees C), unless
otherwise indicated, and curtain type stainless steel interlocking blades, with electric
motor equipped with instant closure clutch, stainless steel cable damper blade linkage,
motor mounting bracket, and 32" long wire leads for connecting to smoke detector, and
with the following construction features:

a. Unit Assembly: Motor mounted outside air stream.
4. Manufacturer: Subject to compliance with requirements, provide fire and smoke dampers

of one of the following:

Air Balance, Inc.

American Warming & Ventilating, Inc.

Arrow Louver and Damper; Div. of Arrow United Industries, Inc.
Louvers & Dampers, Inc.

Penn Ventilator Co.

Phillips-Aires

~Po0 TP
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g. Ruskin Mfg. Co.
h. Or Equal.

C. Turning Vanes:

1.

Manufactured Turning Vanes: Provide double thickness airfoil turning vanes constructed
of 1-1/2" wide curved blades set at 3/4" o.c., supported with bars perpendicular to blades
set at 2" o.c, and set into side strips suitable for mounting in ductwork.

2. Manufacturer: Subject to compliance with requirements, provide turning banes of one of
the following:

a. Aero Dyne Co.

b. Airsan Corp.

c. Anemostat Products Div.; Dynamics Corp. of America.

d. Barber-Colman Co.

e. Duro Dyne Corp.

f. Environmental Elements Corp.; Subs, Koppers Co., Inc.

g. Hart & Cooley Mfg. Co.

h. Register & Grille Mfg. Co., Inc.

i Souther, Inc.

J- Or Equal.

D. Duct Hardware:

1. General: Provide duct hardware, manufactured by one manufacturer for all items on
project, for the following:

a. Test Holes: Provide in ductwork at fan inlet and outlet, and elsewhere as indicated,
duct test holes, consisting of slot and cover, for instrument tests.

b. Quandrant Locks: Provide for each damper, quadrant lock device on one end of
shaft; and end bearing plate on other end for damper lengths over 12". Provide
extended quadrant locks and end extended bearing plates for externally insulated
ductwork.

2. Manufacturer: Subject to compliance with requirements. Provide duct hardware of one of
the following:

a. Ventfabrics, Inc.

b. Young Regulator Co.

c. Or Equal.

E. Duct Access Doors:

1. General: Provide duct access doors of a size as required to service and maintain device
in duct. All access doors to be a minimum of 12”’x12” and to be gasketed and installed air
tight. Provide on (1) access door at each control damper, humidifier, coil, fire damper,
and any device that requires attention.

2. Construction: Construct of same or greater gage as ductwork served, provide insulted
doors for insulated ductwork. Provide flush frames for uninsulated ductwork, extended
frames for externally insulated duct. Provide one side hinged, other side with one handle-
type latch for doors 12" high and smaller, 2 handle-type latches for larger doors.

3. Manufacturer: Subject to compliance with requirements, provide duct access doors of

one of the following:

Air Balance, Inc.

Duro Dyne Corp.

Register & Grille Mfg. Co., Inc.
Ruskin Mfg. Co.

Ventfabrics, Inc.

Zurn Industries, Inc.; Air Systems Div.
Or Equal.

=
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F.

2.21

2.22

Flexible Connectors:

1. General: Provide flexible duct connections wherever ductwork connects to vibration
isolated equipment. Construct flexible connections of neoprene-coated flameproof fabric
crimped into duct flanges for attachment to duct and equipment. Make airtight joint.
Provide adequate joint flexibility to allow for thermal, axial, transverse, and torsional
movement, and also capable of absorbing vibration of connected equipment.

2. Manufacturer: Subject to compliance with requirements, provide flexible connections of
one of the following:

American/Elgen Co.; Energy Div.

Duro Dyne Corp.

Flexaust (The) Co.

Ventfabrics, Inc.

Or Equal.

®ooop

ACOUSTIC DUCT LINING

Lining for Rectangular Metal Ducts: All ducts, where shown or noted on the drawings, shall be
lined with 1"-1 2" (r-5) thick hospital grade liner similar to "Permacote Linacoustic HP" fiberglass
duct liner with factory-applied surface and edge coating. The liner shall meet the Life Safety
Standards as established by NFPA 90A and 90B, FHC 25/50 and Limited Combustibility and the
airstream surface coating should contain an immobilized, EPA-registered, anti-microbial agent
so it will not support microbial growth as tested in accordance with ASTM G21 and G22. The
duct liner shall conform to the requirements of ASTM C 1071 and C1104, with an NRC not less
than .75 as tested per ASTM C 423 using a Type "A" mounting, and a thermal conductivity no
higher than .24 at 75EF mean temperature.

Material Handling and Storage: Liner shall be kept clean and dry during transportation, storage
and installation. Care should be taken to protect the liner from exposure to the elements or
damage from mechanical abuse.

Manufacturer: Subject to compliance with the above provide duct sound lining in accordance
with the above performance criteria description.

SOUND ATTENUATORS (SA)

General: Provide factory-fabricated and tested duct silencers as indicated, select with
performance characteristics which match, or exceed those indicated on schedule.

Casings: Construct of sheet metal, with gage and seam construction equal or greater than that
recommended by SMACNA-Duct Construction Standards for ductwork of same size and
pressure class; but not less than gauge dimension recommended by manufacturer based upon
application (or 16-gage for outer casing and 22-gage for inner casing).

Acoustic Fill: Provide inorganic mineral or glass fiber filler material, inert, vermin and moisture
proof, of sufficient density to obtain specified acoustic performance. Pack under not less than
5% compression to eliminate voids due to vibration and settling. Acoustic fill shall be covered
and protected with hospital grade film type liner.
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2.23

Acoustic Performance: Provide silencer ratings that have been determined in such to

reverberative room test facility. Test silencer with air flow in both directions through silencer, in

accordance with ASTM E477, "Methods of Testing Duct Liner Materials and Prefabricated

Silencers for Acoustical and Airflow Performance."

1. For acoustic ratings, include Dynamic Insertion Loss and Self Noise Power Levels for
both forward flow (air and noise in same direction) and reverse flow (air and noise in
opposite directions) with airflow of at least 2,000 FPM face velocity.

Aerodynamic Performance: Provide silencers with static pressure loss equal to or less than that
scheduled.

Certification: Provide certified test data on Dynamic Insertion Loss, Self-Noise Power Levels,
and Aerodynamic Performance. Conduct all rating tests at same facility. Open testing facility for
inspection by Architect/Engineer if requested.

Manufacturers: Subject to compliance with requirements, provide duct silencers of one of the
following:

Vibro-Acoustics

Aeroacoustic Corporation

Industrial Acoustics Co.

Price

Or Equal.

oORrWN~

AIR OUTLETS AND INLETS (Refer to section 018100 Commissioning for additional contract
requirements)

Ceiling Air Diffusers:

1. General: Except as otherwise indicated, provide manufacturer's standard ceiling air
diffusers where shown; of size, shape, capacity and type indicated; constructed of
materials and components as indicated, and as required for complete installation.
Stamped face diffusers will not be acceptable.

2. Performance: Provide ceiling air diffusers that have, as minimum, temperature and
velocity traverses, throw, drop and noise criteria ratings for each size device as listed in
manufacturer's current data.

3. Ceiling Compatibility: Provide diffusers with border styles that are compatible with
adjacent ceiling systems, and that are specifically manufactured to fit into ceiling module
with accurate fit and adequate support. Refer to general construction drawings and
specifications for types of ceiling systems which will contain each type of ceiling air
diffuser.

4. Types: Provide ceiling diffusers of type, capacity, throw, blow and with accessories as
listed on diffuser schedule.

a. Ceiling Diffusers shall be of the restricted multi-orificed jet induction and air mixing
type consisting of louver sections with built-in diffusing vanes. The vanes shall be
arranged to discharge air from adjacent louvers at an angle of 45 degrees in
opposite directions to insure rapid mixing of primary and room air. Diffusing vanes
shall be welded and mechanically fastened to the adjacent louver sections to make
a rigid unit. The vanes shall extend to the discharge edges of the louvers. Where
louver sections join the core frame, the louver ends shall be welded to the core
frame. The leaving edge of each louver shall be hemmed and the louver ends
shall be rounded and hemmed before welding to the core frames.
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b. Diffusers shall be fabricated of aluminum or steel-welded construction, and shall be
provided with a removable core permitting easy access to the neck connection.
The diffuser neck shall extend no less than 1" above the core to accommodate an
internal duct connection to prevent leakage into the ceiling space.

C. Finish shall be baked enamel. Color as selected by A/E.
Diffuser Dampers:
a. Opposed Blade: Adjustable opposed blade damper assembly, key operated from

face of diffuser. Provide in each ceiling diffuser.
Manufacturer: Subject to compliance with requirements, provide diffusers of one of the
following:
a. Tuttle & Bailey Agitair Series
b. Metalaire — “5000 IV~
C. Price
d. Or Equal.

B. Wall Registers and Grilles:

1.

General: Except as otherwise indicated, provide manufacturer's standard registers and
grilles where shown; of size, shape, capacity and type indicated; constructed of materials
and components as indicted, and as required for complete installation.

Performance: Provide registers and grilles that have, as minimum, temperature and
velocity traverses, throw and drop, and noise criteria ratings for each size device and
listed in manufacturer's current data.

Compatibility: Provide registers and grilles with border styles that are compatible with
adjacent systems, and that are specifically manufactured to fit into wall and ceiling
construction with accurate fit and adequate support. Refer to general construction
drawings and specifications for types of construction which will contain each type of
register and grille.

Types: Provide registers and grilles of type, capacity, and with accessories and finishes
as listed on register and grille schedule:

Pattern: Register and grille patterns shall have style as identified on Drawings:

Dampers: Opposed Blade adjustable assembly, key operated from face of register.
Accessories:

a. Plaster Frame: Perimeter frame designed to act as plaster stop and register or
grille anchor. Provide where required.
b. Operating Keys: Tools designed to fit through register or grille face and operate

volume control device and/or pattern adjustment.
Finish: Register and Grille Finishes shall be baked enamel color as selected by the
Architect.
Manufacturer: Subject to compliance with requirements, provide registers and grilles of
one the following:
a. Agitair (Air Devices)
b. Metalaire
C. Price
d. Or Equal.

C. Ceiling Registers and Grilles:

1.

General: Except as otherwise indicated, provide manufacturer's standard "Egg-Crate"
type registers and grilles where shown; of size, shape, capacity and type indicated;
constructed of materials and components as indicated, and as required for complete
installation.

Compatibility: Provide registers and ceiling grilles with border styles that are compatible
with adjacent ceiling systems, and that are specifically manufactured to fit into ceiling
construction with accurate fit and adequate support. Refer to general construction
drawings and specifications for types of ceiling construction.
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3. Types: Provide registers and grilles of type, capacity, and with accessories and finishes
as listed on register and grille schedule.
4, Register and Grille Materials:
a. Aluminum Construction: Manufacturer's standard extruded aluminum frame and
core.
5. Register and Grille Faces:
a. 1/2" x 1/2" "Egg-Crate" with 1" border frame.
6. Register and Grille Dampers:
a. Opposed Blade: Adjustable opposed blade damper assembly, key operated from

face of register (provide for registers only).
Register and Grille Finishes shall be baked enamel color as selected by the Architect.
Manufacturer: Subject to compliance with requirements, provide registers and grilles of
one of the following:
a. Agitair (Air Devices)
b. Metalaire
C. Price
d. Or Equal.

®© N

D. Displacement Diffuser (1 way, 1 way corner, rectangular industrial)

1. General: Displacement Diffuser shall be constructed with an equalization baffle behind
the operative diffuser face for uniform, low velocity, distribution of supply air. Both the
equalization baffle and face shall be securely retained in the diffuser frames. Diffuser
Manufacturer shall provide sound and pressure drop data derived from tests in
accordance with ASHRAE standard 70-1991. Performance data for adjacent zone shall
be provided based on test in accordance with Nordtest method, Air Terminal Devices:
Aerodynamic Testing + Rating at Low Velocity NT VVS 083.

2. Material: The diffuser frames shall be constructed of high strength aluminum extrusion
for rigidity and protection of the operative face and side panels. There shall be no visible
fasteners on the front or side panels. The operative face shall be constructed of painted
high-gauge steel, side and end panels may be provided in painted steel. All perforated
materials shall be fastened to the frame with vibration dampening. The frame and internal
baffling elements shall be constructed of Aluminum. The paint shall be powder coat
polyester. Epoxies and their derivatives are unacceptable. Visible non-metallic
components are unacceptable. The diffuser shall be supplied with concealed mounting
brackets that do not require puncturing the diffuser to install. Paint Factory Finish Color
shall be as selected by Architect. Submit color selection chart to architect as part of
submittal package.

3. Base: Supply and install a base under each displacement diffuser. The base shall be
manufactured by the displacement diffuser manufacturer. The base shall allow for
removal from the space for access to inlet of the diffuser. The base shall have an
extruded alumni mum frame and 22 gauge solid steel face. Base heights shall be as
indicated on the drawings. Finish shall match adjacent Diffuser color.

4. Manufacturer: Subject to compliance with requirements, provide flat faced displacement
diffusers of one of the following:

a. Price
b. Metalaire
C. Trox
d. Or Equal.
E. Displacement Diffuser (Floor)

1. Supply and install Price ARFHD or equal round floor displacement diffusers of the sizes,
configurations, and capacities indicated on the drawing and/or diffuser schedule. Each
diffuser shall produce a low induction horizontal flow resulting in a stratified zone
temperature distribution within the
occupied zone.
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The discharge airflow shall be adjustable from the face of the diffuser. Minimum flow limit
shall be adjustable from 0% to 50% of maximum flow using a mechanical stop. The
adjustable diffuser face shall have a positive interlock with the mounting hardware to
reduce the chance of accidental adjustment due to foot traffic.

3. The 8” core shall be constructed of aluminum able to withstand maximum mechanical
loading of 3000 Ibs.

4, Round floor diffusers shall be installed with Ring Press Fit fastening and shall include
tamper protection to prevent unauthorized removal of the round diffuser. Assembly shall
include black polycarbonate Standard Distributor Basket with Damper device.

5. Factory Finish color shall be selected by Architect. Submit color matrix chart for
Architect’s review and approval.

6. Manufacturer: Subject to compliance with requirements, provide flat faced displacement
diffusers of one of the following:

a. Price

b. Halton

C. Trox

d. Or Equal.
F. Linear Diffusers

1. Linear slot diffusers shall be furnished and installed as indicated on the drawings.

2. Provide shop drawings accompanied by itemized list indicating units’ location and
appropriate product submittal drawings provided by the manufacturer.

3. Exact dimensions of walls and ceiling are as per the architectural drawings. Install
diffusers so they fit properly in the ceiling system with suspension wire (48" o/c MAX.)
and/or attachment plates — as required.

4. Coordinate installation with General Contractor and other sub-contractors.

5. The linear slot diffuser shall utilize heavy wall extruded aluminum air deflector frames.
These frames shall be designed to accommodate notched compressible space bars,
complete with integral hanger, spaced approximately 24" on center. The steel air pattern
controllers are fully adjustable and can be moved from side to side to create various air
pattern configurations. These dual pattern controllers shall be fully adjustable to allow
shut-off without adding any blank-off devices. The spacer bars and pattern controllers
shall be removable for on-site modification and trimming.

6. The Linear slot diffuser shall be complete with factory end conditions as shown or
indicated.

7. Supply air engineered plenums shall be provided and manufactured of heavy gauge wipe
coat steel. These units shall be insulated with a side inlet collar.

8. When engineered plenum end caps cannot positioned directly over the linear spacer bar
due to field conditions, install MB Blank-Off from plenum end cap to next spacer bar.

9. MB Blank-Off shall be manufactured of heavy gauge steel painted black.

G. Drum Type Diffusers

1.

2.

3.

Furnish and install Price model HCD2D or Equal supply outlets of the sizes and models
indicated on the plans and outlet schedule.

The outlets shall consist of individually adjustable spread control vanes housed within a
rotatable drum.

The vanes shall be bisected by a center divider allowing separate adjustment of top and
bottom blades. The end panels of the drum shall incorporate spread control members to
enhance pattern control.

Curved outer drum and vanes extruded aluminum, other components are steel. The drum
pivot mechanism shall incorporate a positive positioning, detent device to hold field
adjusted drum angles of up to 30° off center.

Adjustable vanes are to pivot and maintain blade setting border shall be constructed of
formed steel with welded, reinforced corners for extra strength. Screw holes shall be
countersunk for aesthetic appeal.
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2.24

6. The integral volume control damper shall be of the opposed blade type and shall be
constructed of cold rolled steel. Damper shall be operable from the register face. The
damper shall be coated steel. The unit shall be finished in (B12 White Powder Coat / B15
Aluminum Powder Coat) in color as determined by the architect.

DUCTLESS COOLING UNITS (Refer to section 018100 Commissioning for additional contract
requirements)

Evaporator (Stand-Alone):

General: The unit shall be factory assembled, wired and tested. Contained within the unit shall
be all factory wiring and internal piping, control circuit board, and fan motor. The unit in
conjunction with the wired, wall mounted controller shall have a self-diagnostic function, 3-
minute time delay mechanism, an auto restart function, and a test run switch. Indoor unit and
refrigerant pipes shall be purged with dry nitrogen before shipment from factory.

Cabinet: The casing shall be ABS plastic factory finish. Cabinet shall be designed for
suspension mounting and horizontal operation. The rear cabinet panel shall have provisions for
a field installed filtered outside air intake connection.

Fan: The evaporator fan shall have three high performance, double inlet, forward curve sirocco
fans driven by a single motor. The fans shall be statically and dynamically balanced and run on
a motor with permanently lubricated bearings. The indoor fan shall consist of four (4) speeds:
Low, M1, M2 and Hi.

Vane: There shall be a motorized horizontal vane to automatically direct air flow in a horizontal
and downward direction for uniform air distribution. The horizontal vane shall provide a choice
of five (5) vertical airflow patterns selected by remote control. There shall also be a set of
vertical vanes to provide horizontal swing airflow movement selected by remote control.

Filter: Return air shall be filtered by means of an easily removable washable filter.

Coil: The evaporator coil shall be of nonferrous construction with pre-coated aluminum strake
fins on copper tubing. The multi-angled heat exchanger shall have a modified fin shape that
reduces air resistance for a smoother, quieter airflow. All tube joints shall be brazed with
PhosCopper or silver alloy. The coils shall be pressure tested at the factory. A condensate pan
and drain shall be provided under the coil.

Control: The control system shall consist of two (2) microprocessors, one on each indoor and
outdoor unit, interconnected by a single non-polar two-wire cable. Field wiring shall run directly
from the indoor unit to the wall mounted controller with no splices. For A-Control, a three (3)
conductor 14 ga. AWG wire with ground shall provide power feed and bi-directional control
transmission between the outdoor and indoor units. Where separate power is supplied to the
indoor and outdoor units, a two (2) 20 ga. AWG wire shall be run between the units to provide
forbid-directional control communication. The system shall be capable of automatic restart
when power is restored after power interruption. The system shall have self-diagnostics ability,
including total hours of compressor run time. Diagnostics codes for indoor and outdoor units
shall be displayed on the wired controller panel.
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H.

Condensing (Stand Alone):

1.

General: The outdoor unit shall be equipped with a control board that inferfaces with the
indoor unit to perform all necessary operation functions. The outdoor unit shall be
capable of operating at 0°F, (-18°C) ambient temperature without additional low ambient
controls. The outdoor unit shall be able to operate with a maximum height difference of
100 feet and have maximum refrigerant tubing length of 165 feet between indoor and
outdoor units without the need for line size changes, traps or additional oil. The outdoor
unit shall be completely factory assembled, piped, and wired. Each unit must be test run
at the factory.

Cabinet: The casing shall be constructed from galvanized steel plate, coated with a
finished with an electrostatically applied, thermally fused acrylic or polyester powder
coating for corrosion protection and have a factory finish. The fan grille shall be of ABS
plastic.

Fan: The fan motor shall be of aerodynamic design fro quiet operation, and the fan motor
bearings shall be permanently lubricated. The outdoor unit shall have horizontal
discharge airflow. The fan shall be mounted in front of the coil, pulling air across if from
the rear and dispelling it through the front. The fan shall be provided with a raised guard
to prevent contact with moving parts.

Coil: The L shaped condenser coil shall be of copper tubing with flat aluminum fins to
reduce debris build up. The coil shall be protected with an integral metal guard.
Refrigerant flow from the condenser shall be controlled by means of linear expansion
valve (LEV) metering orifice. The LEV shall be control by a microprocessor controlled
step motor.

Compressor: The compressor shall be a scroll compressor with variable speed inverter
technology. The compressor shall be driven by inverter circuit to control compressor
speed. The compressor speed shall dynamically vary to match the room load for
significantly increasing the efficiency of the system which results in vast energy savings.
To prevent liquid from accumulating in the compressor during the off cycle, a minimal
amount of current shall be intermittently applied to the compressor motor to maintain
enough heat. The outdoor unit shall have an accumulator and high pressure safety
switch. The compressor shall be mounted to avoid the transmission of vibration.
Electrical: The electrical power of the unit shall be as indicated on the drawings. The
outdoor unit shall be controlled by the microprocessor located in the indoor unit. The
control signal between the indoor unit and the outdoor unit shall be pulse signal 24 volts
DC. The unit shall have Pulse Amplitude Modulation circuit to utilize 98% of input power

supply.

Variable Volume Refrigerant Ductless Cooling Systems

1.

General

a. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
1) Basis of Design: Sanyo ECOi Variable Refrigerant Flow (VRF) System.
2) Mitsubishi CityMulti

3) Daikin AC
4) Or Equal.
5) Written prior approval required for alternate VRF System Manufacturer.
b. Written prior approved alternate manufacturer is required to coordinate any

changes from the basis of design with all associated trades. Any additional costs
associated with the alternate equipment shall be covered by the HVAC contractor
or equipment manufacturer. No additional costs shall be incurred by the owner.

C. Shop drawings shall be submitted in accordance with 013300. Submittals should
include equipment cutsheet information, proposed piping design layout and list of
materials. Submittals shall be prepared by an authorized system designer and
distributer.
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2. Refrigerant Components

a. The equipment specified in this section shall operate with refrigerant R410A - no
exceptions or substitutions.

b. The system shall utilize fully modulating electronic expansion valves.

c. All units and refrigerant pipes shall be charged with dehydrated air prior to
shipment from the factory.

d. All refrigerant lines shall be insulated from the outdoor unit to the indoor units
served.

e. The system shall be capable of operating with refrigerant piping up to 574
equivalent feet, a total combined length of 984 feet of piping between the
condensing and fan coil units with 164 feet maximum vertical difference, without
any oil traps or additional equipment. The vertical difference shall not exceed a
maximum of 131 feet where the outdoor unit is located below the indoor unit.

3. Field Quality Control
a. Manufacturer's Field Service: Engage a factory-authorized service representative
to inspect field assembled components and equipment installation, including
connections, and to assist in field testing.
b. Perform the following field tests and inspections and prepare test reports:
1) Leak Test: After installation, charge system and test for leaks. Repair leaks
and retest until no leaks exist.
2) Operational Test: After electrical circuitry has been energized, start units to
confirm proper motor rotation and unit operation.
3) Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment.
4) Remove and replace malfunctioning units and retest as specified above.
5) The units shall be listed by Electrical Laboratories (ETL) and bear the ETL
label. All wiring shall be in accordance with the National Electrical Code
(N.E.C.). The units shall be manufactured in a facility registered to ISO 9001
and ISO14001.
4. Delivery, Handling and Storage - Unit shall be stored and handled according to the
manufacturer’s recommendation.

5. Warranty
a. The units shall be covered by the manufacturer’s limited warranty for a period of
two (2) years from date of installation.
b. Additionally, the compressor shall have a manufacturer's limited warranty for a

period of five (5) years from date of installation. If, during this period, any part
should fail to function properly due to defects in workmanship or material, it shall be
replaced or repaired at the discretion of the manufacturer.
6. Variable Refrigerant Flow System (R410A 2-WAY VRF SYSTEM)
System shall be a VRF (variable refrigerant flow) multi split air conditioning system. The
system will utilize an air cooled condensing unit supplying a maximum of forty indoor fan
coil units with combinations of outdoor units 3 - 25 Ton capacity with a maximum of 2
outdoor units connected at one time for 208-230V/ 3 Phase service.
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7. Heat Pump Condensing Unit (R410A 2-WAY VRF SYSTEM)

a.

The basis of design shall be Sanyo ECOi Model CHX outdoor unit. Acceptable
manufacturers, subject to compliance with meet project specification requirements,
include: Sanyo, Mitsubishi and Daikin AC

1) The outdoor unit will have up to 3 air cooled heat exchange coils constructed
from copper tubing with aluminum fins. The coils will be set in a vertical
formation with air being drawn in through three sides of the unit and
discharged out of the top of the unit. The Ecoi systems will have a single fan
mounted on top of the three coils. The coils will be capable of being divided
in to a maximum of 3 sections to enable the outdoor unit capacity to match
the capacity required by the indoor units and to allow individual defrosting
take place when required.

2) The outdoor unit will have one inverter controlled hermetic twin rotary
compressor and up to two high efficiency scroll constant speed compressors
depending on selected unit type. Single compressor systems are not
acceptable. Partial capacity cooling/heating capability must be available in
the case of a compressor failure. The system shall use Sanyo’s Roadmap
control sequence to ensure that indoor loads are matched to compressor
capacity control.

3) The refrigeration process of the outdoor unit will be maintained by pressure
and temperature sensors controlling solenoid valves check valves and
bypass valves. The heating or cooling mode of the outdoor unit will be
controlled using a combination of 2 & 3 way valve’s which will reverse the
cycle of the refrigerant to change the mode of the outdoor unit.

The variable capacity, heat pump air conditioning system shall be variable

refrigerant flow split system. The system shall consist of multiple evaporators using

PID control and inverter driven outdoor unit. The unit shall consist of direct

expansion (DX), air-cooled heat pump air conditioning system, variable speed

driven compressor multi zone split system. The outdoor unit may connect an indoor
evaporator capacity of 50-130% to that of the outdoor condensing unit capacity.

Each indoor unit shall be capable of operating separately with individual

temperature control.

The outdoor unit shall be interconnected to indoor unit types specified in this

section. The indoor units shall be connected to the outdoor units utilizing the

specialized piping joints and headers provided by the equipment manufacturer.

General: The outdoor unit is designed specifically for use with manufacturer’s

components:

1) Refrigerant: R410a.

2) The outdoor unit shall be factory assembled and pre-wired with all necessary
electronic and refrigerant controls. The refrigeration circuit of the condensing
unit shall consist of a Sanyo rotary compressor, motors, fans, condenser
coil, electronic expansion valve, solenoid valves, 4 way valve, distribution
headers, capillaries, filters, shut off valves, oil separators, service ports,
liquid receivers and accumulators.

3) Both liquid and suction lines shall be individually insulated between the
outdoor and indoor units.

4) The outdoor unit shall be wired and piped with outdoor unit access from left,
right, rear or bottom.

5) The connection ratio of indoor units to outdoor unit shall be 50% to 130%.

6) The sound pressure dB(A) at rated conditions shall be a value of 55-62
decibels at 3 feet from the front of the single condensing unit. The outdoor
unit shall be capable of operating at further reduced noise in ‘Quiet Mode’
(52-59 dB).
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The system shall automatically restart operation after a power failure and
shall not cause any settings to be lost, thus eliminating the need for re-
programming.

The outdoor unit shall be modular in design and should allow for side-by-side
installation with minimal spacing.

The following safety devices shall be included on the condensing unit: high
pressure switch, control circuit fuses, crankcase heaters, fusible plug, high
pressure switch, overload relay, inverter overload protector, thermal
protectors for compressor and fan motors, over current protection for the
inverter and anti-recycling timers. To ensure the liquid refrigerant does not
flash when supplying to the various fan coil units, the circuit shall be provided
with a sub-cooling feature. QOil recovery cycle shall be automatic, occurring 1
hour after system start up, every 6 hours of system operation or as required
to maintain oil levels at the system condensing unit.

The outdoor unit shall operate in heating mode to -4 degrees F dry bulb
ambient temperature without additional ambient controls

e. Unit Cabinet:

1)

f. Fan:

The outdoor unit model shall be completely weather proof and corrosion
resistant. The outdoor unit will be constructed from steel plate and treated
with acrylic paint silky shade (1Y 8.5/ 0.5)

The condensing unit shall consist of two propeller type, direct-drive fan
motors that have multiple speed operation via a DC inverter.

2) The fans shall be a vertical discharge configuration (horizontal discharge for
CHX03652/CHDX06052 208/230V Single Phase Units).

3) The fan motors shall have inherent protection and permanently lubricated
bearings and be mounted.

4) The fan motors shall be provided with a fan guard to prevent contact with
moving parts.

g. Condenser Caoil:

1) The condenser coil shall be manufactured from copper tubes expanded into

aluminum fins to form a mechanical bond.
h. Compressor:

1) The rotary compressor shall be variable speed control capable of changing
the speed to follow the variations in total cooling load as determined by the
suction gas pressure as measured in the condensing unit.

2) The inverter driven compressor in each condensing unit shall be of highly
efficiency DC, hermetically sealed, rotary type compressor.

3) The capacity control range shall be a minimum of 20% to 100% of total
capacity.

4) Each compressor shall be equipped with a crankcase heater, high pressure
safety switch, and internal thermal overload protector.

5) Oil separators shall be standard with the equipment together with an oil
balancing circuit.

6) The compressor shall be mounted to avoid the transmission of vibration.

i. Electrical:

1) The power supply to the outdoor unit shall be 208/230 volts, 3 phase, 60
hertz with a voltage range of 187 volts to 253 volts.

2) The control wiring shall be a two-wire multiplex transmission system, making

it possible to connect multiple indoor units to one outdoor unit with one 2-
cable shielded communications wire, thus simplifying the wiring operation.

8. Indoor Air Handling Units (R410a 2-Way VRF System)
a. It shall be possible for the total connected capacity of the indoor units to be
between 50 and 130% of the capacity of the outdoor unit.
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b. Each indoor unit will have a heat exchanger which shall be constructed from
copper tubing with aluminum fins. The flow of refrigerant through the heat
exchanger will be controlled by an electronic proportional expansion valve. This
valve will be controlled by two pipe thermistors, a return air and discharge air
thermistor and shall be capable of controlling the variable capacity of the indoor
unit between 25% and 100%.

C. Each indoor unit shall have an operating voltage of as scheduled on the drawings.
The indoor unit shall supply demand capacity information to the outdoor unit via its
Roadmap control algorithm.

d. Wall Mounted Unit

1)
2)

3)

The basis of design shall be Sanyo Model KHX.

The indoor unit shall be a wall mounted fan coil unit for installation onto a

wall within a conditioned space to be connected to outdoor 2-way heat pump

condensing unit.

Acoustic Performance:

a) The indoor units sound pressure shall range from 28 dB(A) to 35
dB(A) at low speed measured at 3.3 feet below the unit.

Construction:

a) The indoor unit shall be completely factory assembled and tested.
Included in the unit is factory wiring, piping, electronic proportional
expansion valve, control circuit board, fan motor thermal protector,
flare connections, condensate drain pan, self-diagnostics, auto-restart
function, 3-minute fused time delay, and test run switch. The unit shall
have an auto-swing louver which ensures efficient air distribution,
which closes automatically when the unit stops. The remote controller
shall be able to set five (5) steps of discharge louver angle. The front
grille shall be easily removed for washing. The discharge angle shall
automatically set at the same angle as the previous operation upon
restart. The condensate drain pipe shall be fitted to either left or right
sides.

b) Both refrigerant lines shall be insulated from the outdoor unit.

c) The indoor units shall be equipped with a condensate pan.

d) The indoor units shall be equipped with a return air thermistor.

Unit Cabinet:

a) The cabinet shall be affixed to a factory supplied wall mounting
template and located in the conditioned space.

b) The cabinet shall be constructed of molded plastic cover with sound
absorbing foamed polystyrene and polyethylene insulation.

Fan:

a) The fan shall be a direct-drive cross-flow fan, statically and
dynamically balanced impeller with high, medium and low fan speeds
available.

b) The airflow rate shall be available in high, medium and low settings.

c) The fan motor shall be thermally protected.

Filter:

a) The return air shall be filtered by means of a washable long-life filter
with mildew proof resin.

Coil:

a) Coils shall be of the direct expansion type constructed from copper
tubes expanded into aluminum fins to form a mechanical bond.

b) The coil shall be of a waffle louver fin and high heat exchange, rifled
bore tube design to ensure highly efficient performance.

c) The coil shall be a 2 row cross fin copper evaporator coil with 14 fpi
design completely factory tested.
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d) The refrigerant connections shall be flare connections and the
condensate shall be 1-1/4 inch outside diameter PVC.

e) A condensate pan shall be located in the unit.

f) A thermistor shall be located on the liquid and gas line.

9. Controls
a. The unit shall have controls provided with the unit by the manufacturer to perform
input functions necessary to operate the system.
b. Computerized PID control shall be used to maintain room temperature within 1° F
of setpoint.
C. The unit shall be equipped with a programmed drying mechanism that dehumidifies
while inhibiting changes in room temperature.
d. The fan coil circuit board shall be wired to enable auxiliary heating when caoll
thermistor temperature drops below 104 degrees F in heating mode.
10.  Controllers
a. Physical Characteristics:

1) General: The control system shall be a neutral color plastic material with a

Liquid Crystal Display (LCD).
b. Electrical Characteristics:

1) General: From each circuit board to the controls, the electrical voltage shall
be 16 volts DC.

2) Wiring: Control wiring shall be installed in a daisy chain configuration from
indoor unit to indoor unit then to the outdoor unit. Control wiring shall run
from the indoor unit terminal block to the specific controller for that unit.

3) Wiring Size: The wire shall be a shielded, size AWG18-2.

11. A.C. System Remote Controller - (R410A 2-WAY VRF SYSTEM)
a. The basis of design shall be Sanyo model SHA-KC64UG

1) The controller shall control up to 64 units in 4 zones and shall be able to be
used in conjunction with all room controller types. Collective and individual
group commands are available with permit/prohibit individual remote
controller function. Up to five system controllers shall be able to reside on
any one S-net communication bus. The system controller shall use the
following connections for power and remote monitoring:

L1: Power supply (60 Hz, 208-230 VAC)

C1: Inter-unit control wiring (Low voltage)

C3: Auxiliary

C4: Ground for inter-unit control wiring

A1: Input for turning ON air conditioners concurrently

A2: Input for turning OFF air conditioners concurrently
A3: Common input for turning air conditioners ON or OFF
B1: On operation state indicator output

B2: Alarm indicator output

B3: Common indicator output

12. Web Enabled Intelligent Controller - (R410A 2-WAY VRF SYSTEM) The basis of design
shall be Sanyo model SHA-KT256B

a.

This controller shall be wall mounted and hard wired, either directly to the Sanyo S-
net control system or via RS485 gateway using SHA-KA128A. It will be
manufactured in ABS plastic with an LCD display and will be the manufacturer’s
standard color. The controller will be capable of individually controlling the following
functions on 256 indoor fan coil units:

On/off.
Operating mode.
Set point.

Fan speed.
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Louver position.
Timer settings.
Test run.
b. The controller shall also be capable of displaying the following information
individually for 256 indoor fan coil units:

On/off.
Operating mode.
Set point.

Fan speed.
Louver position.
Timer settings.
Test run.

Fault diagnosis.

C. Each Intelligent controller unit can be accessed either locally or remotely via
standard Internet Explorer software. The Intelligent controller will be able to indicate
system alarms via volt free contacts as well as providing control points for other DO
devices

d. The intelligent controller shall be able to monitor individual tenant’s usage of
heating and cooling demands, report alarm and conditions to nominated email
address, and enable remote alteration of systems set points to registered users.
This information shall also be integrated into the central Building Automation

system.
13.  Building Automation System Interface Controls
a. Provide BAS system interface controls capable of performing the following
functions:

Schedule Time Setting

Start/Stop, Temperature Setting, Fan Speed

Available Alarm Contact for Remote Monitoring (Condensate Pump)
Communicate with BACNet Compatible BAS System

Controls up to 64 indoor units and outdoor unit

2.25 CONDENSATE DISCHARGE PUMPS (Refer to various equipment schedules for locations and
section 018100 Commissioning for additional contract requirements)

A. General: Provide where indicated, condensate pumps of capacity as scheduled, to be field
installed in various air handling equipment drain pans, consisting of ABS housing, pump, check
valve, safety switch, and thermal overload protection. Factory assembled unit must be UL/CSA
listed.

B. High-Capacity Pumps
1. Reservoir: Construct of ABS plastic with a 3/10 capacity volume.
2. Pump: 25 GPH@15TDH vertical type pump with stainless steel motor shaft, rustproof,
ABS volute, with safety switch.
3. Housing and Cover: Each shall be ABS plastic.
4. Manufacturers:  Subject to compliance with requirements, provide high-capacity
condensate pump of Little Giant or approved equal:

C. Low-Capacity Pumps
1. Pump: 8 GPH@33TDH reciprocating piston pump direct discharge with no storage
reservoir.
2. Detection Unit: Low-maintenance filter free with a three level float (on/off/alarm).
3. Pump Housing and Detection Unit: Each shall be ABS plastic.
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2.28

4. Manufacturers: Subject to compliance with requirements, provide low-capacity
condensate pump of Sauermann or approved equal.

FIRESTOP SYSTEMS

General: Provide firestopping at all fire-rated construction where penetrated by the Work of this
Section.

Refer to Section 078400 - Firestopping, for all product requirements for maintaining integrity of
fire-rated construction at penetrations.

WALL AND CEILING ACCESS DOORS

General: Furnish access panels for installation by others, at all new and existing construction
where required for access to the Work of this Section. Furnish access doors for access to all
concealed control valves, motor operated dampers, fire doors, etc, and all other concealed parts
of the HVAC system that require accessibility for the proper operation and maintenance of the
system.

Refer to Section 083100 - Access Doors and Frames, for all product requirements for furnishing
access panels.

Coordinate locations and schedule with the work of trades involved with construction in which
access panels will be installed.

Access doors shall be heavy gage steel with 1" frame. Door shall be fastened to frame with
continuous piano hinge. Entire door and frame assembly shall be prime painted and be
completed with cylinder lock and two (2) keys. Door and frame shall match fire rating of wall or
ceiling installed into.

Manufacturer: Subject to compliance with requirements, provide access doors of one of the
following:

1. Inland Steel Products Company, "Milcor"
2. Walsh-Hannon-Gladwin Inc., "Way Loctor"
3. Or Equal.

AUTOMATIC TEMPERATURE CONTROLS (Refer to section 018100 Commissioning for
additional contract requirements)

Basic Components and Systems:

1. General: Provide control products in sizes and capacities indicated, consisting of
dampers, thermostats, clocks, sensors, controllers, and other components as required for
completed installation. Except as otherwise indicated, provide manufacturer’s standard
materials and components as published in their product information, designed and
constructed as recommended by manufacturer and as required for application indicated.
All equipment and systems shall be installed by factory trained contractors with the
following functional and construction features.
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Electric Wiring: All electric wiring and wiring connections, either line voltage or low
voltage, from the main electric panels to the ATC panels, and from the ATC related
panels to the individual control devices i.e. rooftop units, exhaust fans, boilers, chillers,
valves, dampers, etc. required for the installation of the control system, as herein
specified shall be provided by the control contractor unless specifically shown on the
electrical drawings or called for in the electrical specifications.

a. The wiring installation shall be in accordance with National and Local Codes and
with the Electrical portion of these specifications. All wiring shall be run concealed
wherever possible. Exposed wiring in occupied areas shall be run in raceways.
Raceways shall be Wiremold 200 series with all elbows, raceways, covers,
mounting stops, box extensions and wiring for a complete and neat installation. All
wiring located in mechanical spaces, boiler rooms, fan rooms, etc. shall be installed
in metal conduit

b. All wiring above ceilings, in boiler rooms, and all mechanical spaces shall follow
routing of piping and where not possible shall be in conduit. All exposed wire shall
be bundled and wire tied and shall be supported to adjacent piping. Draped and
free floating wire will not be allowed.

C. All terminations of wire at control devices shall be looped and supported
adequately.

d. All wiring shall comply with the requirements of the electrical section of the
specification.

B. Controls Systems Wiring

1.

All conduit raceways, wiring, accessories and wiring connections required for the
installation of the Controls Systems shall be provided by the Controls Contractor except
as shown on the Electrical Trade documents. All wiring shall comply with the
requirements of applicable portions of the Electrical Trade work and all local and national
electric codes and the requirements of the AHJ.

All Controls Systems wiring materials and installation methods shall comply with the
original equipment manufacturer recommendations and standards.

The sizing type and provision of cable, conduit, cable trays and raceways shall be the
design responsibility of the Controls Contractor.

Class 2 Wiring

a. All Class 2 (24VAC or less) wiring shall be installed in conduit unless otherwise
specified.

b. Conduit is not required for Class 2 wiring in concealed accessible locations. Class

2 wiring not installed in conduit shall be supported every 5ft. from the building
structure utilizing metal hangers designed for this application. Wiring shall be
installed parallel to the building structural lines.
Class 2 signal wiring and 24VAC power may be run in the same conduit. Power wiring
120VAC and greater shall not share the same conduit with Class 2 signal wiring.
Perform circuit tests using qualified personnel only. Provide necessary instruments and
equipment to demonstrate that:

a. All circuits are continuous and free from short circuits and grounds.

b. All circuits are free from unspecified grounds; that resistance to ground of all
circuits is no less than 50 megaohms.

C. All circuits are free from induced voltages.

Provide complete testing for all cables and wiring. Provide all equipment, tools, and
personnel as necessary to conduct these tests.

Provide for complete grounding of all signal and communication cables, panels and
equipment so as to ensure integrity of Controls Systems operation. Ground cabling and
conduit at panel terminations. Do not create ground loops.
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C. Line Voltage Power Sources

1.

120-volt AC circuits for the Controls Systems shall be taken by the Controls Contractor
from electrical trade panelboards and circuit breakers as designated on the electrical
drawings.

2. Circuits used for the Controls Systems shall be dedicated to these Controls Systems and
shall not be used for any other services.

3. Controls DDC terminal unit controllers may use 120-volt AC power from motor power
circuits.

D. Controls Systems Raceways

1. All wiring shall be installed in conduit or raceway except as noted elsewhere in the
Specification. Minimum conduit size 3/4”.

2. Where it is not possible to conceal raceways in finished locations, surface raceway
(Wiremold) may be used as approved by the Architect.

3. All conduits and raceways shall be installed level, plumb, at right angles to the building
lines and shall follow the contours of the supporting surface.

4. UL/ULC Listed Flexible Metal Conduit shall be used for vibration isolation and shall be
limited to 3 feet in length when terminating to vibrating equipment. Flexible Metal Conduit
may be used within partition walls and for final connection to equipment.

E. Penetrations

1. Firestopping for all penetrations used by dedicated Controls Systems conduits and
raceways shall be by other trades.

2. All openings in fire proofed or fire stopped components shall be closed by other trades
using approved fire resistive sealant.

3. All wiring passing through penetrations, including walls, shall be in sleeves, conduit or
enclosed raceway.

4. No penetrations through building structural elements, slabs, ceilings and walls shall be
made before receipt of written approval from the Architect.

F. Controls Systems Identification Standards

1. Node Identification: All nodes shall be identified by a permanent label fastened to the
outside of the enclosure. Labels shall be suitable for the node environmental location.

2. Cable shall be labeled at every termination with cross-referencing to record
documentation.

3. Raceway Identification: Exposed covers to junction and pull boxes of the FMS raceways
shall be identified at primary points.

4. Wire Identification: All low and line voltage wiring shall be identified by a number, as
referenced to the associated shop and record drawing, at each termination.

5. Wires and cabling shall not be spliced between terminations. Cable shields shall be
single end grounded — typically at the panel end outside the panel.

6. Suggested color coding, for use at the Contractors option, are:

a. Analog Input Cable Yellow
b. Analog Output Cable Tan
c. Binary Input Cable Orange
d. Binary Output Cable Violet
e. 24 VAC Cable Gray
f. General Purpose Cable Natural
g. Tier 1 Comm Cable Purple
h. Other Tier Comm Cable Blue
7. Provide permanent identification labels at all valve and damper actuators to indicate open

and closed positions.
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G. Field Panel And Device Installations And Locations

1.

The Controls Systems panels, enclosures and cabinets shall be located as coordinated
with the Architect at an elevation of not less than 2 feet from the bottom edge of the panel
to the finished floor. Each cabinet shall be anchored per the manufacturer’s
recommendations.

All field devices shall be installed per the manufacturer recommendation and in
accessible locations as coordinated with the Architect.

Panels to be located in damp areas or areas subject to condensation shall be mounted
with wall standoffs.

Conduit configurations entering or leaving panels and devices shall be such as to
preclude condensation traps.

H. Networking Communications

1.

The design of the BAS shall network operator workstations and stand-alone DDC

Controllers. The network architecture shall consist of multiple levels for communication

efficiency, a campus-wide (Management Level Network) Ethernet network based on

TCP/IP protocol, high performance peer-to-peer building level network(s) and DDC

Controller floor level local area networks with access being totally transparent to the user

when accessing data or developing control programs.

System shall communicate with a BACnet network over Ethernet or BACnet/IP (according

to Annex J). The intent is to use the system provided under this contract to communicate

with control systems and/or devices provided by other vendors. A PICS must be provided
describing the BACnet, ANSI/ASHRAE 135-95, implementation. The product shall be

Network Application Engine level 1 controllers with field equipment controller for level 2

controllers no substitutions. Minimum system functionality must include monitoring,

commanding, and alarming for daily operator functions from a common workstation.

a. System shall have the capability to be an OPC Client and Server for dynamic
communication with OPC Clients or Servers over an Ethernet network. At a
minimum, the following must be supported:

1) Data Access 1.0 (96), 1.0A (97) and 2.0 (11/98)
2) Alarms & Events 1.0 (1/99)

Peer-to-Peer Building Level 1 Network:

a. All operator devices either network resident or connected via dial-up modems shall
have the ability to access all point status and application report data or execute
control functions for any and all other devices via the peer-to-peer network. No
hardware or software limits shall be imposed on the number of devices with global
access to the network data at any time.

b. The peer-to-peer network shall support a minimum of 100 DDC controllers and PC
workstations
C. Each PC workstation shall support a minimum of 4 peer to peer networks

hardwired or dial up.

d. The system shall support integration of third party systems (PCL, chiller, boiler) via
panel mounted open protocol processor. This processor shall exchange data
between the two systems for interprocess control. All exchange points shall have
full system functionality as specified herein for hardwired points.

e. Field panels must be capable of integration with open standards including Modbus,
BACnet, and Lonworks as well as with third party devices via existing vendor
protocols.

f. The peer-to-peer Building Level Network shall use the TCP/IP over Ethernet. All
devices must:

1) Auto-sense 10/100 Mbps networks.
2) Receive an IP Address from a Dynamic Host Configuration Protocol (DHCP)
Server or be configured with a Fixed IP Address.
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Resolve Name to IP Addresses for devices using a Domain Name Service
(DNS) Server on the Ethernet network.
Allow access using Telnet.

4. Intranet/Internet access
a. Web Based Operator Interface

1)

The BAS shall provide a web based graphical interface that allows users to

access the BAS data via the Internet, extranet, or Intranet. The interface

shall use HTML based ASP pages to send and receive data from the BAS to

a web browser.

A web server computer will be supplied. The web server shall use

Microsoft's 1IS server 4.0 with Windows NT4, or 1IS 5.0 with Windows 2000,

and support browser access via Microsoft Internet Explorer 5.0 (or higher),

or Navigator Netscape 6.0 (or higher).

All information exchanged over Internet shall be optionally encrypted and

secure via SSL (provided by Owner).

Access to the web interface may be password protected. A users rights and

privileges to points and graphics will be the same as those assigned at the

BAS workstation. An option will exist to only allow users “read” access via

the web browser, while maintaining ‘command” privileges via the BAS

workstation.

Commissioning of the Web interface shall not require modification or

creation of HTML or ASP pages. All graphics available at the BAS graphical

workstation shall be available to users via a web browser.

The web-based interface shall provide the following functionality to users,

based on their access and privilege rights:

a) Logon Screen — allows the user to enter their user name, password
and Domain name for logging into the web server.

b) Alarm Display — a display of current BAS alarms to which the user has
access will be displayed. Users will be able to acknowledge and
erase active alarms, and link to additional alarm information including
alarm messages, and informational and memo text. Any alarm
acknowledgements initiated through the web interface will be written
to the BAS central workstation activity log.

c) Graphic Display — Display of system graphics, including animated
motion, available in the BAS workstation will be available for viewing
over the web browser. Software that requires creation of dedicated
“web” graphics in order to display them via the browser interface will
not be acceptable. A graphic selector list will allow users to select
any graphics to which they have access. Graphic displays will
automatically refresh with the latest change of values. Users will have
the ability to command and override points from the graphic display as
determined by their user accounts rights.

d) Point details — users will have access to point detail information
including operational status, operational priority, physical address, and
alarm limits, for point objects to which they have access rights.

e) Point Commanding — users will be able to override and command
points they have access to via the web browser interface. Any
commands or overrides initiated via the web browser interface will be
written to the BAS central workstation activity log.

5. The web server licensing options will allow concurrent access by (5), (10), (25), (50),
(100) browser connections.

6. Internet connections, ISP services, as well as necessary firewalls or proxy servers shall
be provided by the Owner as required to support the web access feature.
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l. DDC Controller Floor Level 2 Network

1.

This level communication shall support a family of application specific controllers and
shall communicate with the peer-to-peer network through DDC Controllers for
transmission of global data.

J. DDC & HVAC Mechanical Equipment Controllers <TEC>

1.

2.

The DDC & HVAC Mechanical Equipment Controllers shall reside on the Building Level
Network.

DDC & HVAC Mechanical Equipment Controllers shall use the same programming
language and tools. DDC & HVAC Mechanical Equipment Controllers which require
different programming language or tools on a network are not acceptable.

DDC & HVAC Mechanical Equipment Controllers which do not meet the functions
specified are not acceptable.

K. DDC Controller

1.

DDC Controllers shall be a 16-bit stand-alone, multi-tasking, multi-user, real-time digital
control processors consisting of modular hardware with plug-in enclosed processors,
communication controllers, power supplies and input/output point modules. Controller
size shall be sufficient to fully meet the requirements of this specification and the attached
point I/O schedule. Each controller shall support a minimum of three (3) Floor Level
Application Specific Controller Device Networks.

Each DDC Controller shall have 72 Megabytes of memory to support its own operating
system and databases, including:

a. Control processes
b. Energy management applications
c. Alarm management applications including custom alarm messages for each level

alarm for each point in the system.

Historical/trend data for points specified

Maintenance support applications

Custom processes

Operator 1/0O

Dial-up communications

i. Manual override monitoring

Each DDC Controller shall support firmware upgrades without the need to replace
hardware.

Provide all processors, power supplies and communication controllers so that the
implementation of a point only requires the addition of the appropriate point input/output
termination module and wiring.

DDC Controllers shall provide a RS-232C serial data communication ports for operation
of operator 1/0 devices such as industry standard printers, operator terminals, modems
and portable laptop operator's terminals. DDC Controllers shall allow temporary use of
portable devices without interrupting the normal operation of permanently connected
modems, printers or terminals.

As indicated in the point I/O schedule, the operator shall have the ability to manually
override automatic or centrally executed commands at the DDC Controller via local, point
discrete, on-board hand/off/auto operator override switches for digital control type points
and gradual switches for analog control type points.

Te~oa

a. Switches shall be mounted either within the DDC Controllers key-accessed
enclosure, or externally mounted with each switch keyed to prevent unauthorized
overrides.

b. DDC Controllers shall monitor the status of all overrides and inform the operator

that automatic control has been inhibited. DDC Controllers shall also collect
override activity information for reports.
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10.

11.

DDC Controllers shall provide local LED status indication for each digital input and output

for constant, up-to-date verification of all point conditions without the need for an operator

I/O device. Graduated intensity LEDs or analog indication of value shall also be provided

for each analog output. Status indication shall be visible without opening the panel door.

Each DDC Controller shall continuously perform self-diagnostics, communication

diagnosis and diagnosis of all panel components. The DDC Controller shall provide both

local and remote annunciation of any detected component failures, low battery conditions

or repeated failure to establish communication.

Isolation shall be provided at all peer-to-peer network terminations, as well as all field

point terminations to suppress induced voltage transients consistent with:

a. RF-Conducted Immunity (RFCI) per ENV 50141 (IEC 1000-4-6) at 3 V

b. Electro Static Discharge (ESD) Immunity per EN 61000-4-2 (IEC 1000-4-2) at 8 kV
air discharge, 4 kV contact

C. Electrical Fast Transient (EFT) per EN 61000-4-4 (IEC 1000-4-4) at 500 V signal, 1

kV power
d. Output Circuit Transients per UL 864 (2,400V, 10A, 1.2 Joule max)
e. Isolation shall be provided at all peer-to-peer panel's AC input terminals to

suppress induced voltage transients consistent with:

1) IEEE Standard 587-1980

2) UL 864 Supply Line Transients

3) Voltage Sags, Surge, and Dropout per EN 61000-4-11 (EN 1000-4-11)
In the event of the loss of normal power, there shall be an orderly shutdown of all DDC
Controllers to prevent the loss of database or operating system software. Non-volatile
memory shall be incorporated for all critical controller configuration data and battery
backup shall be provided to support the real-time clock and all volatile memory for a
minimum of 60 days.

a. Upon restoration of normal power, the DDC Controller shall automatically resume
full operation without manual intervention.
b. Should DDC Controller memory be lost for any reason, the user shall have the

capability of reloading the DDC Controller via the local RS-232C port, via telephone
line dial-in or from a network workstation PC.
Provide a separate DDC Controller for each AHU or other HVAC system as indicated in
Section 3.02. It is intended that each unique system be provided with its own point
resident DDC Controller.

L. HVAC Mechanical Equipment Controllers

1.

HVAC Mechanical Equipment Controllers shall be a 12-bit stand-alone, multi-tasking,
multi-user, real-time digital control processors consisting of modular hardware with plug-in
enclosed processors.

Each HVAC Mechanical Controller shall have 72 Megabytes of memory to support its own
operating system and databases, including:

a. Control processes
b. Energy management applications
C. Alarm management applications including custom alarm messages for each level

alarm for each point in the system.

Historical/trend data for points specified

Maintenance support applications

Custom processes

Operator 1/O

. Remote communications

HVAC Mechanical Equipment Controllers shall provide a RS-232C serial data
communication port for operation of operator 1/0O devices such as industry standard
printers, operator terminals, modems and portable laptop operator's terminals.
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4, HVAC Mechanical Equipment Controllers shall provide local LED status indication for
each digital input and output for constant, up-to-date verification of all point conditions
without the need for an operator I/O device.

5. Each HVAC Mechanical Equipment Controller shall continuously perform self-diagnostics,
communication diagnosis and diagnosis of all components. The HVAC Mechanical
Equipment Controller shall provide both local and remote annunciation of any detected
component failures, low battery conditions or repeated failure to establish communication.

6. In the event of the loss of normal power, there shall be an orderly shutdown of all HYAC
Mechanical Equipment Controllers to prevent the loss of database or operating system
software. Non-volatile memory shall be incorporated for all critical controller configuration
data and battery backup shall be provided to support the real-time clock and all volatile
memory for a minimum of 72 hours.

a. Upon restoration of normal power, the HVAC Mechanical Equipment Controller
shall automatically resume full operation without manual intervention.
b. Should HVAC Mechanical Equipment Controller memory be lost for any reason, the

user shall have the capability of reloading the HVAC Mechanical Equipment
Controller via the local RS-232C port, via telephone line dial-in or from a network
workstation PC.

M. DDC & HVAC Mechanical Equipment Controller Resident Software Features
1. General:
a. The software programs specified in this Section shall be provided as an integral
part of DDC and HVAC Mechanical Equipment Controllers and shall not be
dependent upon any higher level computer for execution.

b. All points shall be identified by up to 30 character point name and 16 character
point descriptor. The same names shall be used at the PC workstation.
c. All digital points shall have user defined two-state status indication (descriptors with
minimum of 8 characters allowed per state (i.e. summer/winter)).
2. Control Software Description:

a. The DDC and HVAC Mechanical Equipment Controllers shall have the ability to

perform the following pre-tested control algorithms:

1) Two-position control

2) Proportional control

3) Proportional plus integral control

4) Proportional, integral, plus derivative control

5) Automatic tuning of control loops

3. DDC and HVAC Mechanical Equipment Controllers shall provide the following energy

management routines for the purpose of optimizing energy consumption while
maintaining occupant comfort.

a. Start-Stop Time Optimization (SSTO) shall automatically be coordinated with event
scheduling. The SSTO program shall start HVAC equipment at the latest possible
time that will allow the equipment to achieve the desired zone condition by time of
occupancy. The SSTO program shall also shut down HVAC equipment at the
earliest possible time before the end of the occupancy period, and still maintain
desired comfort conditions.

1) The SSTO program shall operate in both the heating and cooling seasons.
a) It shall be possible to apply the SSTO program to individual fan
systems.
b) The SSTO program shall operate on both outside weather conditions
as well as inside zone conditions and empirical factors.
2) The SSTO program shall meet the local code requirements for minimum
outside air while the building is occupied.

b. Event Scheduling: Provide a comprehensive menu driven program to automatically

start and stop designated points or groups of points according to a stored time.
1) It shall be possible to individually command a point or group of points.
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2) For points assigned to one common load group, it shall be possible to assign
variable time delays between each successive start or stop within that group.
3) The operator shall be able to define the following information:

a) Time, day

b) Commands such as on, off, auto, and so forth.

c) Time delays between successive commands.

d) There shall be provisions for manual overriding of each schedule by
an appropriate operator.

4) It shall be possible to schedule events up to one year in advance.

a) Scheduling shall be calendar based.

b) Holidays shall allow for different schedules.

c) Enthalpy switchover (economizer) .The Energy Management Control
Software (EMCS) will control the position of the air handler relief,
return, and outside air dampers. If the outside air dry bulb
temperature falls below changeover set point the EMCS will modulate
the dampers to provide 100 percent outside air. The user will be able
to quickly changeover to an economizer system based on dry bulb
temperature and will be able to override the economizer cycle and
return to minimum outside air operation at any time.

d) Temperature-compensated duty cycling.

1. The DCCP (Duty Cycle Control Program) shall periodically stop
and start loads according to various patterns.

2. The loads shall be cycled such that there is a net reduction in
both the electrical demands and the energy consumed.

e) Automatic Daylight Savings Time Switchover: The system shall
provide automatic time adjustment for switching to/from Daylight
Savings Time.

f) Night setback control: The system shall provide the ability to
automatically adjust setpoints for night control.

g) The Peak Demand Limiting (PDL) program shall limit the consumption
of electricity to prevent electrical peak demand charges.

1. PDL shall continuously track the amount of electricity being
consumed, by monitoring one or more electrical kilowatt-
hour/demand meters. These meters may measure the electrical
consumption (kWh), electrical demand (kW), or both.

2. PDL shall sample the meter data to continuously forecast the
demand likely to be used during successive time intervals.

3. If the PDL forecasted demand indicates that electricity usage is
likely to exceed a user preset maximum allowable level, then
PDL shall automatically shed electrical loads.

4. Once the demand peak has passed, loads that have been shed
shall be restored and returned to normal control.

4. DDC and HVAC Mechanical Equipment Controllers shall be able to execute custom,

job-specific processes defined by the user, to automatically perform calculations and
special control routines.

a.

A single process shall be able to incorporate measured or calculated data from any
and all other DDC and HVAC Mechanical Equipment Controllers on the network.

In addition, a single process shall be able to issue commands to points in any and

all other DDC and HVAC Mechanical Equipment Controllers on the network.

Database shall support 30 character, English language point names, structured for

searching and logs.

Processes shall be able to generate operator messages and advisories to operator
I/O devices. A process shall be able to directly send a message to a specified

device or cause the execution of a dial-up connection to a remote device such as a

printer or pager.
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C. DDC and HVAC Mechanical Equipment Controller shall provide a HELP function
key, providing enhanced context sensitive on-line help with task orientated
information from the user manual.

d. DDC and HVAC Mechanical Equipment Controller shall be capable of comment
lines for sequence of operation explanation.
5. Alarm management shall be provided to monitor and direct alarm information to operator

devices. Each DDC and HVAC Mechanical Equipment Controller shall perform
distributed, independent alarm analysis and filtering to minimize operator interruptions
due to non-critical alarms, minimize network traffic and prevent alarms from being lost. At
no time shall the DDC and HVAC Mechanical Equipment Controllers ability to report
alarms be affected by either operator or activity at a PC workstation, local I/O device or
communications with other panels on the network.

a. All alarm or point change reports shall include the point's English language
description and the time and date of occurrence.
b. The user shall be able to define the specific system reaction for each point. Alarms

shall be prioritized to minimize nuisance reporting and to speed operator response
to critical alarms. A minimum of six priority levels shall be provided for each point.
Point priority levels shall be combined with user definable destination categories
(PC, printer, DDC Controller, etc.) to provide full flexibility in defining the handling of
system alarms. Each DDC and HVAC Mechanical Equipment Controller shall
automatically inhibit the reporting of selected alarms during system shutdown and
start-up. Users shall have the ability to manually inhibit alarm reporting for each

point.

C. Alarm reports and messages will be directed to a user-defined list of operator
devices or PCs based on time (after hours destinations) or based on priority.

d. In addition to the point's descriptor and the time and date, the user shall be able to

print, display or store a 200 character alarm message to more fully describe the

alarm condition or direct operator response.

e. In dial-up applications, operator-selected alarms shall initiate a call to a remote
operator device.

6. A variety of historical data collection utilities shall be provided to manually or automatically
sample, store and display system data for points as specified in the I/O summary.

a. Any point, physical or calculated may be designated for trending. Any point,
regardless of physical location in the network, may be collected and stored in each
DDC and HVAC Mechanical Equipment Controllers point group. Two methods of
collection shall be allowed: either by a pre-defined time interval or upon a
pre-defined change of value. Sample intervals of | minute to 7 days shall be
provided. Each DDC and HVAC Mechanical Equipment Controller shall have a
dedicated RAM-based buffer for trend data and shall be capable of storing a
sufficient number of data samples. All trend data shall be available for transfer to a
Workstation without manual intervention.

b. DDC and HVAC Mechanical Equipment Controllers shall also provide high
resolution sampling capability for verification of control loop performance.
Operator-initiated automatic and manual loop tuning algorithms shall be provided
for operator-selected PID control loops as identified in the point I/O summary.

1) Loop tuning shall be capable of being initiated either locally at the DDC and
HVAC Mechanical Equipment Controller, from a network workstation or
remotely using dial-in modems. For all loop tuning functions, access shall be
limited to authorized personnel through password protection.

7. DDC and HVAC Mechanical Equipment Controllers shall be capable of automatically
accumulating and storing run-time hours for digital input and output points and
automatically sample, calculate and store consumption totals for analog and digital pulse
input type points, as specified in the point /0O schedule.
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The peer to peer network shall allow the DDC and HVAC Mechanical Equipment
Controllers to access any data from or send control commands and alarm reports directly
to any other DDC and HVAC Mechanical Equipment Controller or combination of
controllers on the network without dependence upon a central or intermediate processing
device. DDC and HVAC Mechanical Equipment Controllers shall send alarm reports to
multiple workstations without dependence upon a central or intermediate processing
device. The peer to peer network shall also allow any DDC and HVAC Mechanical
Equipment Controller to access, edit, modify, add, delete, back up, and restore all system
point database and all programs.

The peer to peer network shall allow the DDC and HVAC Mechanical Equipment
Controllers to assign a minimum of 50 passwords access and control priorities to each
point individually. The logon password (at any PC workstation or portable operator
terminal) shall enable the operator to monitor, adjust and control the points that the
operator is authorized for. All other points shall not be displayed on the PC workstation or
portable terminal (e.g. all base building and all tenant points shall be accessible to any
base building operators, but only tenant points shall be accessible to tenant building
operators). Passwords and priorities for every point shall be fully programmable and
adjustable.

N. Floor Level Network Application Specific Controllers (FEC)

1.

Each DDC Controller shall be able to extend its performance and capacity through the

use of remote application specific controllers (FECs) through Floor Level LAN Device

Networks.

Each FEC shall operate as a stand-alone controller capable of performing its specified

control responsibilities independently of other controllers in the network. Each FEC shall

be a microprocessor-based, multi-tasking, real-time digital control processor. Each FEC

shall be capable of control of the terminal device independent of the manufacturer of the

terminal device.

Terminal Equipment Controllers:

a. Provide for control of each piece of equipment, including, but not limited to, the
following:
1) VAV Terminal Boxes

Fan Coil Units

Heating Coils

Fin Tube Radiation

Convectors

Radiant Heating Panels

Unit Heaters, Cabinet Unit Heaters

b. Controllers shall include all point inputs and outputs necessary to perform the
specified control sequences. Analog outputs shall be industry standard signals
such as 24V floating control, 3-15 psi pneumatic, 0-10v, allowing for interface to a
variety of modulating actuators.

Jegser

c. All controller sequences and operation shall provide closed loop control of the
intended application. Closing control loops over the FLN, BLN or MLN is not
acceptable

0. Local User Display

Where specified in the sequence of operation or points list, the controllers on the peer to peer
building level network shall have a display and keypad for local interface. A keypad shall be
provided for interrogating and commanding points in the controller.

1.

2.
3.

The display shall use the same security password and access rights for points in the
display as is used in the associated controller.

The LCD display shall be a minimum of a 2 line 40 character display.

The LCD display shall include the full point name, value (numeric, digital or state text),
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4. Point priority and alarm status on one screen.
5. The LCD shall dynamically update the value, priority, and alarm status for the point being

displayed.
The display shall be mounted either on the door of the enclosure or remote from the
controller.

P. Personal Computer Operator Workstation Hardware

1.

Personal computer operator workstations shall be provided for command entry,

information management, system monitor, alarm management and database

management functions. All real-time control functions shall be resident in the DDC

Controllers to facilitate greater distribution, fault tolerance and reliability of the building

automation control.

a. Provide workstation(s) of equal capability located at room indicated on drawings.

b. Workstation shall consist of a personal computer with minimum 8.0GB RAM, hard
drive with 500 GB available space, video card capable of supporting 1024 x 768
resolution with a minimum of 16 Bit color (Windows 7), DVD-ROM Drive, mouse
and 101-key enhanced keyboard. Personal computer shall be a Windows 7
Compatible PC and shall include a minimum dual 1.33 Ghz Pentium processor.

C. The PC monitor shall support a minimum display resolution of no less than 1024 X
768 pixels and shall be minimum 19". Separate controls shall be provided for
color, contrasts and brightness. The screen shall be non-reflective.

d. Also provide separate file server with available storage capacity to accommodate
trending 15 min. interval of each control point for a period of (1) year for data
archives.

Alarm Display shall list the alarms with highest priority at the top of the display. The alarm

display shall provide selector buttons for display of the associated point graphic and

message. The alarm display shall provide a mechanism for the operator to sort alarms.

Intranet/Internet access

a. Web Based Operator Interface
1) The BAS shall provide a web based graphical interface that allows users to

access the BAS data via the Internet, extranet, or Intranet. The interface
shall use HTML based ASP pages to send and receive data from the BAS to
a web browser.

2) A web server computer will be supplied. The web server shall use
Microsoft’'s IIS server 6.0 with Windows 2008, and support browser access
via Microsoft Internet Explorer 5.0 (or higher), or Navigator Netscape 6.0 (or
higher).

3) All information exchanged over Internet shall be optionally encrypted and
secure via SSL (provided by Owner).

4) Access to the web interface may be password protected. A users rights and
privileges to points and graphics will be the same as those assigned at the
BAS workstation. An option will exist to only allow users “read” access via
the web browser, while maintaining “command” privileges via the BAS
workstation.

5) Commissioning of the Web interface shall not require modification or
creation of HTML or ASP pages. All graphics available at the BAS graphical
workstation shall be available to users via a web browser.

6) The web-based interface shall provide the following functionality to users,
based on their access and privilege rights:

a) Logon Screen — allows the user to enter their user name, password
and Domain name for logging into the web server.
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b) Alarm Display — a display of current BAS alarms to which the user has
access will be displayed. Users will be able to acknowledge and
erase active alarms, and link to additional alarm information including
alarm messages, and informational and memo text. Any alarm
acknowledgements initiated through the web interface will be written
to the BAS central workstation activity log.

c) Graphic Display — Display of system graphics, including animated
motion, available in the BAS workstation will be available for viewing
over the web browser. Software that requires creation of dedicated
“web” graphics in order to display them via the browser interface will
not be acceptable. A graphic selector list will allow users to select
any graphics to which they have access. Graphic displays will
automatically refresh with the latest change of values. Users will have
the ability to command and override points from the graphic display as
determined by their user accounts rights.

d) Point details — users will have access to point detail information
including operational status, operational priority, physical address, and
alarm limits, for point objects to which they have access rights.

e) Point Commanding — users will be able to override and command
points they have access to via the web browser interface. Any
commands or overrides initiated via the web browser interface will be
written to the BAS central workstation activity log.

The web server licensing options will allow concurrent access by a minimum

of 10 browser connections.

Internet connections, ISP services, as well as necessary firewalls or proxy

servers shall be provided by the Owner as required to support the web

access feature.

Workstation Operator Interface

Basic Interface Description

Operator workstation interface software shall minimize operator training through
the use of user-friendly and interactive graphical applications, 30-character English
language point identification, on-line help, and industry standard Windows
application software. Interface software shall simultaneously communicate with
existing system and share data between the dedicated, modem autodial, and
Ethernet-connected building level networks. The software shall provide, as a
minimum, the following functionality:

1.

a.

1)
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= —

Real-time graphical viewing and control of the BAS environment

Reporting

Scheduling and override of building operations

Collection and analysis of historical data

Point database editing, storage and downloading of controller databases.

Utility for combining points into logical Point Groups. The Point Groups shall

then be manipulated in Graphics, trend graphs and reports in order to

streamline the navigation and usability of the system.

Alarm reporting, routing, messaging, and acknowledgment

“Collapsible tree,” dynamic system architecture diagram application:

a) Showing the real-time status and definition details of all workstations
and devices on a management level network

b) Showing the real-time status and definition details of all DDC and
HVAC Mechanical Controllers at the building level

c) Showing the status and definition details of all field-level application
controllers

Definition and construction of dynamic color graphic displays.
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10) Online, context-sensitive help, including an index, glossary of terms, and the
capability to search help via keyword or phrase.
11) On-screen access to User Documentation, via online help or PDF-format
electronic file.
12) Automatic database backup at the workstation for database changes
initiated at DDC Controller operator interface terminals.
Provide a graphical user interface that shall minimize the use of keyboard through
the use of a mouse or similar pointing device, with a "point and click" approach to
menu selection and a “drag and drop” approach to inter-application navigation.
Selection of applications within the workstation software shall be via a graphical
toolbar menu — the application toolbar menu shall have the option to be located in a
docked position on any of the four sides of the visible desktop space on the
workstation display monitor, and the option to automatically hide itself from the
visible monitor workspace when not being actively manipulated by the user.
The software shall provide a multi-tasking type environment that allows the user to
run several applications simultaneously. BAS software shall run on a Windows XP,
2000 or NT 32 bit operating system. System database parameters shall be stored
within an object-oriented database, which is compliant with the Open Database
Connectivity (ODBC) or Structured Query Language (SQL) standards. Standard
Windows applications shall run simultaneously with the BAS software. The mouse
or Alt-Tab keys shall be used to quickly select and switch between multiple
applications. The operator shall be able to work in Microsoft Word, Excel, and other
Windows based software packages, while concurrently annunciating on-line BAS
alarms and monitoring information
1) Provide functionality such that any of the following may be performed
simultaneously on-line, and in any combination, via adjustable user-sized
windows. Operator shall be able to drag and drop information between the
following applications, reducing the number of steps to perform a desired
function (e.g., Click on a point on the alarm screen and drag it to the
dynamic trend graph application to initiate a dynamic trend on the desired
point):
a) Dynamic color graphics application

b) Alarm management application

c) Scheduling application

d) Dynamic trend graph data plotter application

e) Dynamic system architecture diagram application

f) Control Program and Point database editing applications
g) Reporting applications

2) Report and alarm printing shall be accomplished via Windows Print
Manager, allowing use of network printers.

Operator-specific password access protection shall be provided to allow the

administrator/manager to limit users’ workstation control, display and data base

manipulation capabilities as deemed appropriate for each user, based upon an

assigned password. Operator privileges shall "follow" the operator to any

workstation logged onto (up to 999 user accounts shall be supported). The

administrator/manager shall be able to grant discrete levels of access and

privileges, per user, for each point, graphic, report, schedule, and BAS workstation

application. And each BAS workstation user account shall use a Windows

2000/NT user account as a foundation.

Dynamic Color Graphics application shall include the following:

1) Must include graphic editing and modifying capabilities

2) A library of standard control application graphics and symbols must be
included

3) Must be able to command points directly off graphics application
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Graphic display shall include the ability to depict real-time point values
dynamically with animation, picture/frame control, symbol association, or
dynamic informational text-blocks.

Navigation through various graphic screens shall be optionally achieved
through a hierarchical “tree” structure

Graphics viewing shall include zoom capabilities

Graphics shall automatically display the HAND status of points that have
been overridden by a field HAND switch, for points that have been designed
to provide a field HAND override capability.

Advanced linking within the Graphics application shall provide the ability to
navigate to outside documents (e.g., .doc, .pdf, .xIs, etc.), internet web
addresses, e-mail, external programs, and other workstation applications,
directly from the Graphics application window with a mouse-click on a
customizable link symbol.

Reports shall be generated on demand or via pre-defined schedule, and directed to
monitor displays, printers or file. As a minimum, the system shall allow the user to
easily obtain the following types of reports:

1)
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A general listing of all or selected points in the network
List of all points currently in alarm

List of all points currently in override status

List of all disabled points

List of all points currently locked out

List of user accounts and access levels

List all weekly schedules and events

List of holiday programming

List of control limits and deadbands

Custom reports from 3rd party software

System diagnostic reports including, list of DDC panels on line and
communicating, status of all DDC terminal unit device points
List of programs

List of point definitions

List of logical point groups

List of alarm strategy definitions

List of DDC Control panels

Point totalization report

Point Trend data listings

Initial Values report

User activity report

Scheduling and override

Provide a calendar type format for simplification of time and date scheduling and
overrides of building operations. Schedule definitions reside in the PC workstation,
DDC Controller, and HVAC Mechanical Equipment Controller to ensure time
equipment scheduling when PC is off-line -- PC is not required to execute time
scheduling. Provide override access through menu selection, graphical mouse
action or function key. Provide the following capabilities as a minimum:

1)
2)
3)

4)
5)

Weekly schedules

Zone schedules

Event schedules — an event consists of logical combinations of equipment

and/or zones

Report schedules

Ability to schedule for a minimum of up to 365 days in advance

Additionally, the scheduling application shall:

a) Provide filtering capabilities of schedules, based on name, time,
frequency, and schedule type (event, zone, report)
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b) Provide sorting capabilities of schedules, based on name, time and
type of schedule (zone, event, report)

c) Provide searching capabilities of schedules based on name — with
wildcarding options

Collection and Analysis of Historical Data

1) Provide trending capabilities that allow the user to easily monitor and
preserve records of system activity over an extended period of time. Any
system point may be trended automatically at time-based intervals (up to
four time-based definitions per point) or change of value, both of which shall
be user-definable. Trend data shall be collected stored on hard disk for
future diagnostics and reporting. Automatic Trend collection may be
scheduled at regular intervals through the same scheduling interface as
used for scheduling of zones, events, and reports. Additionally, trend data
may be archived to network drives or removable disk media for future
retrieval.

2) Trend data reports shall be provided to allow the user to view all trended
point data. Reports may be customized to include individual points or
predefined groups of selected points. Provide additional functionality to allow
predefined groups of up to 250 trended points to be easily transferred on-line
to Microsoft Excel. DDC contractor shall provide custom designed
spreadsheet reports for use by the owner to track energy usage and cost,
equipment run times, equipment efficiency, and/or building environmental
conditions. DDC contractor shall provide setup of custom reports including
creation of data format templates for monthly or weekly reports.

The ATC contractor shall provide an additional 40 hours of ATC/BMS system

programming time to assist the owner with customized programming of the

ATC/BMS system.

2. Dynamic Color Graphic Displays

a.

Create color graphic floor plan displays and system schematics for each piece of

mechanical equipment, including air handling units and hot water boiler systems,

and room level terminal units, shall be provided by the BAS contractor as indicated
in the point 1/0O schedule of this specification to optimize system performance,
analysis and speed alarm recognition.

The operator interface shall allow users to access the various system schematics

and floor plans via a graphical penetration scheme, menu selection, point alarm

association, or text-based commands. Graphics software shall permit the
importing of Autocad or scanned pictures for use in the system.

Dynamic temperature values, humidity values, flow values and status indication

shall be shown in their actual respective locations within the system schematics or

graphic floor plan displays, and shall automatically update to represent current
conditions without operator intervention and without pre-defined screen refresh
rates.

1) Provide the user the ability to display real-time point values by animated
motion or custom picture control visual representation. Animation shall
depict movement of mechanical equipment, or air or fluid flow. Picture
Control shall depict various positions in relation to assigned point values or
ranges. A library (set) of animation and picture control symbols shall be
included within the workstation software’s graphics application. Animation
shall reflect, ON or OFF conditions, and shall also be optionally configurable
for up to five rates of animation speed.

2) Sizable analog bars shall be available for monitor and control of analog
values; high and low alarm limit settings shall be displayed on the analog
scale. The user shall be able to "click and drag" the pointer to change the
setpoint.

HVAC
230000 - 95



omr architects inc. CONCORD CARLISLE HIGH SCHOOL

AUGUST 15, 2012

CONCORD, MA

3) Provide the user the ability to display blocks of point data by defined point
groups; alarm conditions shall be displayed by flashing point blocks.

4) Equipment state or values can be changed by clicking on the associated
point block or graphic symbol and selecting the new state (on/off) or
setpoint.

5) State text for digital points can be user-defined up to eight characters.

Colors shall be used to indicate status and change as the status of the equipment

changes. The state colors shall be user definable.

Advanced linking within the Graphics application shall provide the ability to navigate

to outside documents (e.g., .doc, .pdf, .xls, etc.), internet web addresses, e-mail,

external programs, and other workstation applications, directly from the Graphics
application window with a mouse-click on a customizable link symbol.

The windowing environment of the PC operator workstation shall allow the user to

simultaneously view several applications at a time to analyze total building

operation or to allow the display of a graphic associated with an alarm to be viewed
without interrupting work in progress.

Off the shelf graphic software, html web-based graphic software shall be provided

to allow the user to add, modify or delete system graphic background displays.

A clipart library of HVAC application and automation symbols shall be provided

including fans, valves, motors, chillers, AHU systems, standard ductwork diagrams.

The user shall have the ability to add custom symbols to the clipart library. The

clipart library shall include a minimum of 400 application symbols. In addition, a

library consisting of a minimum of 700 graphic background templates shall be

provided.

The Graphics application shall include a set of standard Terminal Equipment

controller application-specific background graphic templates. Templates shall

provide the automatic display of a selected Terminal Equipment controller’s control
values and parameters, without the need to create separate and individual graphic
files for each controller.

3. System Configuration & Definition

a.

A “Collapsible tree,” dynamic system architecture diagram/display application of the
site-specific BAS architecture showing status of controllers, PC workstations and
networks shall be provided. This application shall include the ability to add and
configure workstations, DDC Controllers or HVAC Mechanical Equipment
controllers, as well as 3rd-party integrated components. Symbols/Icons
representing the system architecture components shall be user-configurable and
customizable, and a library of customized icons representing 3rd-party integration
solutions shall be included. This application shall also include the functionality for
real-time display, configuration and diagnostics of dial-up modems to DDC
Controllers.

Network wide control strategies shall not be restricted to a single DDC Controller or
HVAC Mechanical Equipment controller, but shall be able to include data from any
and all other network panels to allow the development of Global control strategies.
Provide automatic backup and restore of all DDC controller and HVYAC Mechanical
Equipment controller databases on the workstation hard disk. In addition, all
database changes shall be performed while the workstation is on-line without
disrupting other system operations. Changes shall be automatically recorded and
downloaded to the appropriate DDC Controller or HYAC Mechanical Equipment
Controller. Changes made at the user-interface of DDC Controllers or HVAC
Mechanical Equipment Controllers shall be automatically uploaded to the
workstation, ensuring system continuity.

System configuration, programming, editing, graphics generation shall be
performed on-line. If programming and system back-up must be done with the PC
workstation off-line, the BAS contractor shall provide at least 2 operator
workstations.
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Point database configuration shall be available to the user within a dedicated point
database editor application included in the workstation software. The editor shall
allow the user to create, view existing, modify, copy, and delete points from the
database. The point editor shall also allow the user to configure the alarm
management strategy for each point. The editor shall provide the option for editing
the point database in an online or offline mode with the DDC Controllers.

1) The workstation software shall also provide the capability to perform bulk
modification of point definition attributes to a single or multiple user-selected
points. This function shall allow the user to choose the properties to copy
from a selected point to another point or set of points. The selectable
attributes shall include, but are not limited to, Alarm management definitions
and Trend definitions.

Management
Alarm Routing shall allow the user to send alarm notification to selected printers or
workstation location(s) based on time of day, alarm severity, or point type.
Alarm Notification shall be presented to each workstation in a tabular format
application, and shall include the following information for each alarm point: name,
value, alarm time & date, alarm status, priority, acknowledgement information, and
alarm count. Each alarm point or priority shall have the ability to sound a discrete
audible notification.
Alarm Display shall have the ability to list & sort the alarms based on alarm status,
point name, ascending or descending alarm time.
Directly from the Alarm Display, the user shall have the ability to acknowledge,
silence the alarm sound, print, or erase each alarm. The interface shall also have
the option to inhibit the erasing of active acknowledged alarms, until they have
returned to normal status. The user shall also have the ability to command, launch
an associated graphic or trended graphical plot, or run a report on a selected alarm
point directly on the Alarm Display.

Each alarm point shall have a direct link from the Alarm Display to further user-

defined point informational data. The user shall have the ability to also associate

real-time electronic annotations or notes to each alarm.

Alarm messages shall be customizable for each point, or each alarm priority level,

to display detailed instructions to the user regarding actions to take in the event of

an alarm. Alarm messages shall also have the optional ability to individually
enunciate on the workstation display via a separate pop-up window, automatically
being generated as the associated alarm condition occurs.

Alarm Display application shall allow workstation operators to send and receive

real-time messages to each other, for purposes of coordinating Alarm and BAS

system management.

Remote notification of messages

1) Workstation shall be configured to send out messages to numeric pagers,
alphanumeric pagers, phones (via text to speech technology), SMS (Simple
Messaging Service, text messaging) Devices, and email accounts based on
a point’s alarm condition.

2) There shall be no limit to the number of points that can be configured for
remote notification of alarm conditions and no limit on the number of remote
devices which can receive messages from the system.

3) On a per point basis, system shall be configurable to send messages to an
individual or group and shall be configurable to send different messages to
different remote devices based on alarm message priority level.

4) Remote devices may be scheduled as to when they receive messages from
the system to account for operators’ work schedules.

5) System must be configurable to send messages to an escalation list so that
if the first device does not respond, the message is sent on to the next
device after a configurable time has elapsed.
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6) Message detail shall be configurable on a per user basis.

7) During a “flood” of alarms, remote notification messages shall have the
ability to optimize several alarms into an individual remote natification
message.

8) Workstation shall have the ability to send manual messages allowing an
operator to type in a message to be sent immediately.

9) Workstation shall have a feature to send a heartbeat message to periodically
notify users that they have communication with the system.

R. Field Devices

1. Provide instrumentation as required for monitoring, control or optimization functions.
2. Room Temperature Sensors
a. Office areas shall be provided with digital room sensors shall have LCD display,

day / night override button, and setpoint slide adjustment override options. The
setpoint slide adjustment can be software limited by the automation system to limit
the amount of room adjustment. Classroom and teaching room areas shall have
day / night override button, and setpoint slide adjustment override options. The
setpoint slide adjustment can be software limited by the automation system to limit
the amount of room adjustment. Public areas such as corridors, entry areas,
vestibules, restrooms shall have chrome cover plate without adjustment or
occupied/unoccupied capability. Temperature sensors located in gymnasiums and
locker rooms shall be provided with tamper proof guard. All temperature sensors
shall be BACnet compatable network type.

Temperature monitoring range
Output signal

Accuracy at Calibration point
Set Point and Display Range

Liquid immersion temperature:
Temperature monitoring range
Output signal

Accuracy at Calibration point

Duct (single point) temperature:
Temperature monitoring range
Output signal

Accuracy at Calibration point

Duct Average temperature:
Temperature monitoring range
Output signal

Accuracy at Calibration point
Sensor Probe Length

Outside air temperature:
Temperature monitoring range
Output signal

Accuracy at Calibration point

HVAC

+20/120°F -13° to 49°C)
Changing resistance
+0.5°F (+/- 0.3°C)

55° to 95° F (13° to 35°C)

+30/250°F (-1°/121°C)
Changing resistance
+0.5°F (+/-0.3°C)

+20/120°F (-7°/49°C)
Changing resistance
+0.5°F (+/-0.3°C)

+20° +120°F(-7°/+49°C)
4-20mADC

+0.5°F (+03°C)

25'L (7.3m)

-58°+122° F(-50°C to +50°C)
4 —20 mA DC
+0.5°F (+/-0.3°C)
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3. Liquid Differential Pressure Transmitter

Ranges

0-5/30 inches H20
0-25/150 inches H20
0-125/750 inches H20

Output 4-20mADC

Calibration Adjustments Zero and span

Accuracy +-0.2% of span

Linearity +-0.1% of span

Hysteresis +-0.05% of span
4. Differential pressure:

a. Unit for fluid flow proof shall be Penn P74.
Range 8 to 70 psi
Differential 3 psi
Maximum differential pressure 200 psi
Maximum pressure 325 psi

b. Unit for air flow settings.

Set point ranges: 0.5" WG to 1.0" WG (124.4 t0 248.8 Pa)

1.0 WG to 12.0° WG  (248.8 to 497.6 Pa)

5. Static pressure sensor:

Range 0to.5" WG (0 to 124.4 Pa)
0to 1" WG (0 to 248.8 Pa)
0to 2" WG (0to 497.7 Pa)
0to 5" WG (0to 1.2 kPa
0to 10" WG (0 to 2.5 kPa)

Output Signal 4 -20 mAVDC

Combined static error 0.5% full range

Operating Temperature -40° to 175° F (-40C to 79.5°C)

6. Air Pressure Sensor:

Range:

Output signal
Accuracy

Humidity Sensors:
type.

Range

Sensing Element
Output Signal
Accuracy

0to 0.1 in. water (0 to 24.9 Pa)
0 to 0.25 in. water (0 to 63.2 Pa)
0to 0.5 in. water (0 to 124.5 Pa)
0 to 1.0 in. water (o to 249 Pa)
0 to 2.0 in water 90 to 498 Pa)
0 to 5.0 in. water (0 to 1.25 kPa)
0 to 10.0 in.water (0 to 2.49 kPa)

4 to 20 mA
+1.0% of full scale

All room/zone humidity sensors shall be BACnet compatible network

0 to 100% RH
Bulk Polymer
4-20mADC
At 77°F(25°C) + 2% RH
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Humidistat:
Range 0to 100% RH
Sensing Element Bulk Polymer
Output Signal 4-20mADC
Accuracy At 77°F(25°C) + 2% RH

7. Insertion Flow Meters (Equal to Onicon Series F-1200)

Sensing Method Impedance Sensing
Accuracy + 2% of Actual Reading
Maximum Operating Pressure 400 PSI
Output Signal 4-20mA

10.

11.

Bi-directional where required.

Pressure to Current Transducer

Range 3 to 15 psig (21 to 103 kPa) or
3 to 30 psig (21 to 207 kPa)

Output signal 4-20mA

Accuracy + 1% of full scale (+ 0.3 psig)

Carbon Dioxide Sensor : All room/zone CO, sensors shall be BACnet compatible
network type and shall have a minimum 5 year calibration period.

Range 0 to 1500 ppm

Accuracy 20+ ppm

CO2 sensors located in gymnasiums and locker rooms shall be provided with tamper
proof guard.

Control Valves (all control valves shall have electric actuators).

a. Electric Control
Rangeability 40:1
Flow Characteristics Modified. Equal percentage
Control Action Normal open or closed as selected
Medium Steam, water, glycol
Body Type Screwed ends 2” and smaller, flanged
Valves 2%%2" and larger
Body Material Bronze
Body Trim Bronze
Stem Stainless Steel
Actuator 0-10 VDC, 4-20 MA or 2 position
24 VAC/120VAC
b. All automatic temperature control valves in water lines shall be provided with

Characterized throttling plugs and shall be sized for minimum 25% of the system

pressure drop or 5 psi, whichever is less.

1) Positive positioning relays shall be provided on pneumatic control when
required to provide sufficient power for sequencing.

2) Two position valves shall be line size.

Damper Actuators
a. Electric control shall be direct coupled actuators.
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b. Damper actuators shall be Brushless DC Motor Technology with stall protection, bi-
directional, fail safe spring return, all metal housing, manual override,
independently adjustable dual auxiliary switch.

1) The actuator assembly shall include the necessary hardware and proper
mounting and connection to a standard 2" diameter shaft or damper blade.

C. Actuators shall be designed for mounting directly to the damper shaft without the
need for connecting linkages.
d. All actuators having more than 100 Ib-in torque output shall have a self-centering

damper shaft clamp that guarantees concentric alignment of the actuator’s output
coupling with the damper shaft. The self-centering clamp shall have a pair of
opposed “v” shaped toothed cradles; each having two rows of teeth to maximize
holding strength. A single clamping bolt shall simultaneously drive both cradles into

contact with the damper shaft.

e. All actuators having more than a 100 Ib-in torque output shall accept a 1” diameter
shaft directly, without the need for auxiliary adapters.
f. All actuators shall be designed and manufactured by Johnson Inc. or approved

equal using ISO900 registered procedures, and shall be Listed under Standards
UL873 and CSA22.2 No. 24-93 I.

S. Miscellaneous Devices
1. Thermostats (Stand-alone electric type - only where specified or indicated on drawings)
a. Room thermostats shall be of the gradual acting type with adjustable sensitivity.
b. They shall have a bi-metal sensing element capable of responding to a

temperature change of one-tenth of one degree. (Provide all thermostats with limit
stops to limit adjustments as required.)

C. Thermostats shall be arranged for either horizontal or vertical mounting.
d. In the vertical position thermostat shall fit on a mullion of movable partitions without
overlap.
e. Mount the thermostat covers with tamper-proof socket head screws.
2. Freezestats:
a. Install freezestats on each coil that mixes outside and return air (air handling units,

fan coils, unit ventilators, etc.) and provide protection for every square foot of coil

surface area with one linear foot of element per square foot of coil.

1) Upon detection of low temperature, the freezestats shall stop the associated
supply fans and return the automatic dampers to their normal position close
outside air dampers and open coil valve for full flow. Provide manual reset.

3. Firestats:
a. Provide manual reset, fixed temperature line voltage type with a bi-metal actuated
switch.
1) Switch shall have adequate rating for required load.
4. Electronic Airflow Measurement Stations and Transmitters (Where indicated on Control
Drawings).
a. Provide air flow moving stations as shown on drawings.
b. Stations — each insertion station shall contain an array of velocity sensing elements

and straightening vanes. The velocity sensing elements shall be of the RTD or
thermistor type. The sensing elements shall be distributed across the duct cross
section in a quality to provide accurate readings. The resistance to airflow through
the airflow measurement station shall not exceed 0.08 inches water gage at an
airflow of 2,000 fpm. Station construction shall be suitable for operation at airflow
of up to 5,000 fpm over a temperature range of 40 to 120 degrees F, and accuracy
shall be plus or minus 3 percent over a range of 125 to 2,500 fpm scaled to air
volume. Each transmitter shall produce a linear, temperature compensated 4 to 40
mA DC, output corresponding to the required velocity pressure measurement.
Provide local readout on unit.
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Fan inlet airflow sensing

1)

3)

Where mounted into controllable pitch axial inlet bells, or inlet cones of
centrifugal fans, the traverse probe assemblies shall be complete with all
necessary end mounting plates and master takeoff fittings. All mounting
bolts, lock washers and nuts; interconnecting tubing and compression fittings
to be provided by the installing contractor.

Primary flow elements shall not be used on fan inlet applications where the
narrowest diameter of the inlet cone is under ten inches without prior
approval. Fan inlet sensors shall not be used on fans having inlet guide
vanes. The use of only one static element and one total pressure element
on fan inlets is prohibited. Fan primary elements shall not exceed .562
inches in diameter on fans having inlet cone diameters less than 30-inches.
Fan inlet airflow sensing similar to Ebtron GTx116F or Paragon Controls
model FE-1050.

Electronic Transducers

1)

2)

Provide individual differential static pressure and airflow transducers,
selected for the required range of each of the above primary elements, and
in accordance with the following:
The transducer(s) shall be solid-state electronic type, with infinite output
resolution, capable of performing dedicated static pressure and air volume
control functions. Microprocessor based transducers with time-sharing of
multiple square root extractors and/or controllers are not acceptable.
Each transducer’s output shall not be affected by direction of mounting
(attitude) or external vibrations, and shall be furnished with a factory-
calibrated range that matches the application.
Airflow transducers shall be provided with an integral dual scale indicating
meter operating independent of all other control devices. The top scale shall
indicate the measured air volume in units of cubic feet per minute (CFM),
and the bottom scale shall indicate the air velocity in units of feet per minute
(FPM).
a) The meter shall be a differential pressure type that is diaphragm
actuated, and is to be flush mounted on the enclosure door.
b) The meter shall be calibrated to an accuracy of +2% of span.
1) Transducer performance shall be equal to or better than the

following:

a) Accuracy: +/- 0.5% F.S. (Terminal Point) / +/- 0.35% F.S.
(BFSL)

b) Temperature Effects: <0.03% F.S./deg F

Over-pressure: 5 PSIG Proof / 10 PSIG Burst
Response: <0.25 seconds for full scale input
e) Noise Filtration: Low Pass Filter, factory set @ 3.2Hz
2) Each transducer shall be selected for its respective duty. Supply,
Exhaust and/or Return Airflow Transducers shall provide analog
output signal linear to air volume that are factory set for a full
scale value equal to 110% of the maximum design capacity of
the flow measuring element served for variable air volume
applications, or 200% of the design operating value for constant
volume applications.
3) Airflow transducers for operating velocities below 1266 feet per
minute shall provide the following features:
c) Local electronic indication of the measure airflow rate.
1) The indicating meter shall be one-half inch high, three and one
half digit light emitting diode (LED) type.
d) The LED shall indicate the measured air volume in engineering units
of cubic feet per minute (CFM).

o 0
=
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T.

e) Automatic zeroing circuit that shall maintain the transducer output to
within 0.1% of value, and shall be field configurable for frequency of
activation between one and seventy two hours.

f) The transducer output shall be locked and maintained at the last given
output value during the automatic zeroing period so as not to interrupt
the automatic control process.

g) The meter shall be auto calibrated to an accuracy of +/- 1 count.

1) Transducer accuracy shall be +/- 0.25% F.S. (Terminal Point) /
+/- 0.15% F.S. (BFSL)

Current Sensing Relay:

a. Provide solid-state, adjustable, current operated relay. Provide a relay which
changes switch contact state in response to an adjustable set point value of current
in the monitored A/C circuit.

b. Adjust the relay switch point so that the relay responds to motor operation under
load as an “on” state and so that the relay responds to an unloaded running motor
as an “off” state. A motor with a broken belt is considered an unloaded motor.

C. Provide for status device for all fans and pumps.

Manufacturers:  Subject to compliance with requirements, provide automatic temperature
controls of one of the following:

1

2.
3.
4.
5.

Honeywell

Delta

Johnson Controls
Allerton Controls
Or Equal.

PART 3 - EXECUTION

3.1

3.2

A

A

DEMOLITION

Demolition of Existing Mechanical Work:

1.
2.
3.

4.

Disconnect all existing materials, fixtures and equipment indicated to be salvaged.
Disconnect and cap all existing mechanical lines from building as indicated on drawings.
Notify General Contractor when existing fixtures, materials, equipment and other features
are ready for removal, salvaging, and disposal under Section 024119 - Demolition.
Demolition work shall occur in accordance with phasing schedule as indicated on
architectural phasing plans.

CUTTING AND PATCHING

Penetrations through construction as required for the Work of this Section:

1.
2.

Coring: Perform all coring for required work.

Notify Masonry Sub-Contractor of exact locations and sizes for openings required in
masonry, to be executed under Section 042000 — Unit Masonry, utilizing lintels furnished
per Section 055000 — Metal Fabrications.

Cut openings in new and existing non-masonry construction where required for
penetrations. All cutting shall conform to the requirements of Section 017329 — Cutting
and Patching, and 024119 — Demolition.

Refer to Section 024119 — Demolition for restrictions on all alterations to structural
elements.
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3.3

Patching at penetrations through construction as required for the Work of this Section:

1. Notify Masonry Sub-Contractor when plumbing work is complete at penetrations through
masonry construction, and ready for patching under Section 042000 — Unit Masonry.

2. Notify appropriate Sub-Contractors when plumbing work is complete at penetrations
through non-masonry construction, and ready for patching under Sections in Division 9 -
FINISHES.

INSTALLATION OF VALVES

Examine valve interior through the end ports, for cleanliness, freedom from foreign matter and
corrosion. Remove special packing materials, such as blocks used which prevents disc
movement during shipping and handling.

Actuate valve through an open-close and close-open cycle. Examine functionally significant
features, such as guides and seats made accessible by such actuation. Following examination,
return the valve closure member to the position in which it was shipped.

Examine threads on both the valve and the mating pipe for form (out-of-round or local
indentation) and cleanliness.

Examine mating flange faces for conditions which might cause leakage. Check bolting for
proper size, length, and material. Check gasket material for proper size and material, and for
freedom from defects and damage.

Prior to valve installation, examine the piping for cleanliness, freedom from foreign materials,
and proper alignment.

Selection of Valve Ends (Pipe Connections): Except as otherwise indicated, select valves with
the following ends or types of pipe/tube connections:

1. Copper Tube 2" and smaller (Heating Hot Water): Solder ends.

2. Steel Pipe Sizes 2" and smaller: Threaded or grooved-end.

3. Steel Pipes Sizes 2-1/2" and larger: Grooved-end or welded.

Valve Installation

1. Locate valves for easy access and provide separate support where necessary.

2. Install valves and unions for each fixture and item of equipment in a manner to allow
equipment removal without system shut-down. Unions are not required on flanged
devices.

3. Install valves in horizontal piping with the stem at or above the center of the pipe.

4. Install isolation valves at all branch supply and return piping lines which serve more than

two pieces of terminal heating equipment.

5. Installation of Check Valves: Install for proper direction of flow as follows:
a. Swing Check Valves: Install in horizontal position with hinge pin level.
b. Wafer Check Valves: Install between 2 flanges in horizontal or vertical position.

c. Lift Check Valves: Install in piping line with stem upright and plumb.

Threaded Connections

1. Note the internal length of threads in valve ends, and proximity of valve internal seat or
wall, to determine how far pipe should be threaded into valve.

2. Align threads at point of assembly.

3. Apply appropriate tape or thread compound to the external pipe threads (except where
dry seal threading is specified).
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3.4

4. Assemble joint wrench tight. Wrench on valve shall be on the valve end into which the
pipe is being threaded.

Flanged Connections

1. Align flanges surfaces parallel.

2. Assemble joints by sequencing bolt tightening to make initial contact of flanges and
gaskets as flat and parallel as possible. Use suitable lubricants on bolt threads. Tighten
bolts gradually and uniformly using a torque wrench.

Grooved Connections
1. Installation shall be in accordance with the latest published instructions from the
manufacturer.

Field Quality Control

1. Testing: After piping systems have been tested and put into service, but before final
adjusting and balancing, inspect each valve for leaks. Adjust or replace packing to stop
leaks; replace valve if leak persists.

Adjusting and Cleaning

1. Cleaning: Clean mill scale, grease, and protective coatings from exterior of valves and
prepare to receive painting or insulation.

INSTALLATION OF METERS AND GAGES

Installation of Temperature Gages

1. General: Install temperature gages in vertical upright position, and tilted so as to be easily
read by observer standing on floor.
2. Temperature Gage Connector Plugs: Install in piping tee where indicated, located on

pipe at most readable position. Secure Cap.

Installation of Pressure Gages

1. General: Install pressure gages in piping tee with pressure gage located on pipe at most
readable position.

2. Pressure Gage Cocks: Install in piping tee with snubber. Install siphon for steam
pressure gages.

3. Pressure Gage Connector Plugs: Install in piping tee where indicated, located on pipe at

most readable position. Secure cap.

Installation of Flow Measuring Fittings
1. General: Install flow measure fittings in piping systems located in accessible locations.

Adjusting and Cleaning

1. Adjusting: Adjust faces of meters and gages to proper angle for best visibility.

2. Cleaning: Clean windows of meters and gages and factory-finished surfaces. Replace
cracked or broken windows; repair any scratched or marred surfaces with manufacturer's
touch-up paint.
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3.5

INSTALLATION OF HANGERS & ATTACHMENTS

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

Examine areas and conditions under which supports and anchors are to be installed. Do not
proceed with work until unsatisfactory conditions have been corrected in manner acceptable to
Installer.

Proceed with installation of hangers, supports and anchors only after required building structural
work has been completed in areas where the work is to be installed. Correct inadequacies
including (but not limited to) proper placement of inserts, anchors, and other building structural
attachments.

Prior to installation of hangers, supports, anchors, and associated work, Installer shall meet at
project site with Contractor, installer of each component of associated work, inspection and
testing agency representatives (if any), installers of other work requiring coordination with work
of this section and Architect/Engineer for purposes of reviewing material selections and
procedures to be followed in performing the work in compliance with requirements specified.

Install building attachments at required locations within concrete or on structural steel for proper
piping support. Space attachments within maximum piping span length indicated in MSS SP-69.
Install additional concentrated loads, including valves, flanges, guides, strainers, expansion
joints, and at changes in direction of piping. Install concrete inserts before concrete is placed;
fasten insert securely to forms. Where concrete with compressive strength less than 2500 psi is
indicated, install reinforcing bars through the openings at the tops of inserts.

Install hangers, supports, clamps, and attachments to support piping properly from building
structure; comply with MSS SP-69. Arrange for grouping of parallel runs of horizontal piping to
be supported together on trapeze type hangers where possible. Install supports with maximum
spacing complying with MSS SP-69. Where piping of various sizes is to be supported together
by trapeze hangers, space hangers for smallest pipe size or install intermediate supports for
smaller diameter pipe. Do not use wire or perforated metal to support piping, and do not support
piping from other piping.
1. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers,
and other accessories. Except as otherwise indicated for exposed continuous pipe runs,
install hangers and supports of same type and style as installed for adjacent similar

piping.

2. Prevent electrolysis in support of copper tubing by the use of hangers and supports which
are copper plated, or by other recognized industry methods.

3. Install hangers and supports to allow controlled movement of piping systems and to

permit freedom of movement between pipe anchors, and to facilitate action of expansion
joints, expansion loops, expansion bends, and similar units.

4. Load Distribution: Install hangers and supports so that piping live and dead loading and
stresses from movement will not be transmitted to connected equipment.

5. Pipe Slopes: Install hangers and supports to provide indicated pipe slopes, and so that
maximum pipe deflections allowed by ANSI B31 Pressure Piping Codes are not
exceeded.

6. Insulated Piping: Comply with the following installation requirements:

a. Clamps: Attach clamps, including spacers (if any), to piping with clamps projecting

through insulation; do not exceed pipe stresses allowed by ANSI B31.
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b. Shields: For pipe sizes up to and including 4” provide heavy gage shield at each

hanger point.
C. Saddles: For all pipe sizes over 4” provide saddle at each hanger point.

3.6

Completely fill void in saddle with loose insulation.

Install anchors at proper locations to prevent stresses from exceeding those permitted by ANSI
B31, and to prevent transfer for loading and stresses to connected equipment.

Fabricate and install anchor by welding steel shapes, plates, and bars to piping and to structure.
Comply with ANSI B31 and with AWS standards.

Where expansion compensators are indicated, install anchors in accordance with expansion unit
manufacturer's written instructions, to limit movement of piping and forces to maximums
recommended by manufacturer for each unit.

Anchor Spacing: Where not otherwise indicated, install anchors at ends of principal pipe-runs,
at intermediate points in pipe-runs between expansion loops and bends. Make provisions for
preset of anchors as required to accommodate both expansion and contraction of piping.

Provide concrete housekeeping bases for all floor-mounted equipment. Size bases to extend
minimum of 4" beyond equipment base in any direction; and 4" above finished floor elevation.
Construct of reinforced concrete, roughen floor slab beneath base for bond, and provide steel
rod anchors between floor and base. Locate anchor bolts using equipment manufacturer's
templates. Chamfer top and edge corners.

Provide structural steel stands to support equipment not floor mounted or hung from structure.
Construct of structural steel members or steel pipe and fittings. Provide factory-fabricated tank
saddles for tanks mounted on steel stands.

Adjusting and Cleaning:

1. Hanger Adjustment: Adjust hangers so as to distribute loads equally on attachments.

2. Support Adjustment: Provide grout under supports so as to bring piping and equipment to
proper level and elevations.

3. Cleaning: Clean factory-finished surfaces. Repair any marred or scratched surfaces with

manufacturer's touch-up paint.

INSTALLATION OF MECHANICAL IDENTIFICATION

Coordination: Where identification is to be applied to surfaces which require insulation, painting
or other covering or finish, including valve tags in finished mechanical spaces; install
identification after completion of covering and painting. Install identification prior to installation of
acoustical ceilings and similar removable concealment.

General: Install pipe markers of the following type on each system indicated to receive

identification, and include arrows to show normal direction of flow:

1. Plastic pipe markers, with application system as indicated. Install on pipe insulation
segment where required for hot non-insulated pipes.

Locate pipe markers and color bands as follows wherever piping is in or above occupied spaces

or corridors, machine rooms, accessible maintenance spaces (shafts, tunnels, plenums) and

exterior non-concealed locations.

1. Near each valve and control device.

2. Near each branch, excluding short take-offs for fixtures and terminal units; mark each
pipe at branch, where there could be question of flow pattern.
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3. Near locations where pipes pass through walls or floors/ceilings, or enter non-accessible
enclosures.
4. At access doors, manholes and similar access points which permit view of concealed
piping.
5. Near major equipment items and other points of origination and termination.
6. Spaced intermediately at maximum spacing of 50' along each piping run, except reduce

3.7

spacing to 25' in congested areas of piping and equipment.
7. On piping above removable acoustical ceilings.

Valve Identification:

1. General: Provide valve tag on every valve, cock, and control device in each piping
system; exclude check valves, valves within factory-fabricated equipment units, HVAC
terminal devices and similar rough-in connections of end-use fixtures and units. List each
tagged valve in valve schedule for each piping system.

2. Mount valve schedule frames and schedules in machine rooms where indicated or, if not
otherwise indicated, where directed by Architect/Engineer.

Mechanical Equipment Identification:

1. General: Install engraved plastic laminate sign or plastic equipment marker on or near
each major item of mechanical equipment and each operational device, as specified
herein if not otherwise specified for each item or device.

2. Lettering Size: Minimum 1/4" high lettering for name of unit where viewing distance is
less than 2' - 0", 1/2" high for distances up to 6' - 0", and proportionately larger lettering for
greater distances. Provide secondary lettering of 2/3 to 3/4 of size of the principal
lettering.

Adjusting and Cleaning:

1. Adjusting: Relocate any mechanical identification device which has become visually
blocked by work of this division or other divisions.
2. Cleaning: Clean face of identification devices, and glass frames of valve charts.

INSTALLATION OF MECHANICAL INSULATION
Installation of Piping Insulation:

1. Insulation Omitted: Omit insulation on hot piping within radiation enclosures which serve
the zone: hot water passing through the zone must be insulated or unit cabinets; on cold
piping within unit cabinets provided piping is located over drain pan. (Couplings in
mechanical grooved systems will be insulated.)

2. General: Install insulation products in accordance with manufacturer's written
instructions, and in accordance with recognized industry practices to ensure that
insulation serves its intended purpose.

3. Install insulation on pipe systems subsequent to installation of heat tracing, painting,
testing, and acceptance tests.
4. Install insulation materials with smooth and even surfaces. Insulate each continuous run

of piping with full-length units of insulation, with a single cut piece to complete run. Do not
use cut pieces or scraps abutting each other.

5. Clean and dry pipe surfaces prior to insulating. Butt installation joints firmly together to
ensure a complete and tight fit over surfaces to be covered.
6. Maintain integrity of vapor-barrier jackets on pipe insulation, and protect to prevent

puncture or other damage.
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Cover valves, fittings and similar items in each piping system with equivalent thickness
and composition of insulation as applied to adjoining pipe run. Install factory molded,
precut or job fabricated units (at Installer's option) except where specific form or type is
indicated. Do not cover calibrated balance valves until testing adjusting and balancing has
been completed.

8. Extend piping insulation without interruption through walls, floors and similar piping
penetrations, except where otherwise indicated.

9. Butt pipe insulation against pipe hanger insulation inserts. For hot pipes, apply 3" wide
vapor barrier tape or band over the butt joints. For cold piping apply wet coat of vapor
barrier lap cement on butt joints and seal joints with 3" wide vapor barrier tape or band.

B. Installation of Ductwork Insulation:

1. General: Do not insulate ductwork until ductwork has been sealed successfully, pressure
tested, and approved for application of insulation by engineer or commissioning agent.
Install insulation products in accordance with manufacturer's written instructions, and in
accordance with recognized industry practices to ensure that insulation serves its
indented purpose.

2. Install insulation materials with smooth and even surfaces.

3. Clean and dry ductwork prior to insulating. Butt insulation joints firmly together to ensure
complete and tight fit over surfaces to be covered.

4. Maintain integrity of vapor-barrier on ductwork insulation, and protect it to prevent
puncture and other damage.

5. Extend ductwork insulation without interruption through walls, floors and similar ductwork
penetrations, except where otherwise indicated.

6. Lined Ductwork: Except as otherwise indicated, omit insulation on ductwork where
internal insulation or sound absorbing linings have been installed.

C. Installation of Equipment Insulation:

1. General: Install equipment thermal insulation products in accordance with manufacturer's
written instructions, and in compliance with recognized industry practices to ensure that
insulation serves intended purpose.

2. Install insulation materials with smooth and even surfaces and on clean and dry surfaces.
Redo poorly fitted joints. Do not use mastic or joint sealer as filler for gaping joints and
excessive voids resulting from poor workmanship.

3. Maintain integrity of vapor-barrier on equipment insulation and protect it to prevent
puncture and other damage.

4. Do not apply insulation to equipment, breechings, or stacks while hot.

5. Apply insulation using the staggered joint method for both single and double layer
construction, where feasible. Apply each layer of insulation separately.

6. Coat insulated surfaces with layers of insulating cement, troweled in workmanlike
manner, leaving a smooth continuous surface. Fill in scored block, seams, chipped
edges and depressions, and cover over wire netting and joints with cement of sufficient
thickness to remove surface irregularities.

7. Cover insulated surfaces with all-service jacketing neatly fitted and firmly secured. Lap
seams at least 2". Apply over vapor barrier where applicable.

8. Do not insulate boiler manholes, handholes, cleanouts, ASME stamp, and manufacturer's
nameplate. Provide neatly beveled edge at interruption of insulation.

9. Provide removable insulation sections to cover parts of equipment which must be opened

periodically for maintenance; include metal vessel covers, fasteners, flanges, frames and
accessories.

D. Protection and Replacement:

1.

Replace damaged insulation which cannot be repaired satisfactorily, including units with
vapor barrier damage and moisture saturated units.
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3.8

2. Protection; Insulation Installer shall advise Contractor of required protection for insulation
work during remainder of construction period, to avoid damage and deterioration.

INSTALLATION OF HYDRONIC PIPING AND ACCESSORIES

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

Piping Installations:

1. Locations and Arrangements: Drawings indicate the general location and arrangement of
piping systems. Locations and arrangements of piping take into consideration pipe sizing
and friction loss, expansion, pump sizing, and other design consideration. So far as
practical, install piping as indicated.

2. Install piping at a uniform grade of 1" in 40" upward in the direction of flow.

3. Make reductions in pipe sizes using eccentric reducer fitting installed with the level side
up.

4. Install branch connections to mains using Tee fittings in main with take-off out the bottom,
except for up-freed risers which shall have take-off out the top of the main line.

5. Install unions in pipes 2" and smaller, adjacent to each valve, at final connections of each
piece of equipment, and elsewhere as indicated. Unions are not required on flanged
devices.

6. Install flanges on valves, apparatus, and equipment having 2-1/2" and larger connections.

7. Install strainers on the supply side of each control valve, pressure reducing valve,

pressure regulating valve, solenoid valve, inline pump, and elsewhere as indicated. Install
nipple and ball valve in blow down connection of strainers 2" and larger.

8. Anchor piping to ensure proper direction of expansion and contraction. Expansion loops
and joints are indicated on the Drawings.
9 Install pipe sleeves at all wall and floor penetrations.

10. Install escutcheons at all exposed pipe wall penetrations.
11.  Provide Dielectric couplings at all dissimilar piping/valve connections.

Pipe Applications:

1. Copper Tubing: Use Type L, drawn copper tubing with wrought copper fittings and solder
joints for 2" and smaller, above ground, within building. Use Type K, annealed temper
copper tubing for 2" and smaller without joints, below ground or within slabs. Mechanical
fittings (crimp or flair) are not permitted.

2. Steel Pipe: Use steel pipe with threaded joints and fittings for 2" and smaller, and with
welded joints for 2-1/2" and larger.

3. Steel Pipe: Use mechanical grooved end steel pipe and mechanical couplings and
fittings.

Grooved Ends:
1. Roll Groove pipe ends in accordance with the latest published instructions from
manufacturer of grooved couplings.

Valve Applications:

1. General Duty Valve Applications: The Drawings indicate valve types to be used. Where
specific valve types are not indicated the following requirements apply:
a. Shut-Off Duty: Use gate, and ball, valves.
b. Throttling Duty: Use globe, ball, and plug valves.
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Install drain valves at low points in mains, risers, branch lines, and elsewhere as required
for system drainage.

Install pump discharge valves with stem in upward position; allow clearance above stem
for check mechanism removal.

Install safety relief valve on hot water generators, and elsewhere as required by ASME
Boiler and Pressure Vessel Code. Pipe discharge to floor without valves. Comply with
ASME Boiler and Pressure Vessel Code Section VI, Division 1 for installation
requirements.

Install pressure reducing valves on hot water generators, and elsewhere as required to
regulate system pressure.

Install isolation valves in all branch supply take-offs from piping mains which serve more
than two terminal heating or cooling units. Provide balancing valve with positive shut off
in all return branch take-offs which serve more than two terminal heating or cooling units.
Provide isolation valves in floor supply main piping lines and balancing valves with
positive shut-off in all floor return main piping take-offs.

F. Hydronic Specialties Installation:

1.

Install automatic air vents at high points in the system, heat transfer coils, and elsewhere

as required for system air venting. Install air vents with cocks such that vents can be

removed without draining system.

Install combination separator/strainer in pump suction lines. Run piping to compression

tank with 1/4" per foot (2%) upward slope towards tank. Install blowdown piping with gate

valve; extend to nearest drain.

Install pump suction diffusers on pump suction inlet, adjust foot support to carry weight of

suction piping. Install nipple and ball valve in blowdown connection.

Install shot-type chemical feeders in each hydronic system; in upright position with top of

funnel not more than 48" above floor. Install feeder in bypass line, off main using globe

valves on each side of feeder and in the main between bypass connections. Pipe drain,

with ball valve, to nearest equipment drain.

Install diaphragm-type compression tanks as indicated. Vent and purge air from hydronic

system, charge tank with proper air charge to suit system design requirements.

a. In the absence of details provide support from the floor or structure above sufficient
for the weight of water assuming a full tank of water. Do not overload building
components and structural members.

G. Field Quality Control:

1.

2.

Preparation for Testing: Prepare hydronic piping in accordance with ASME B 31.9 and as
follows:

a. Leave joints including welds uninsulated and exposed for examination during the
test.
b. Provide temporary restraints for expansion joints which cannot sustain the

reactions due to test pressure. If temporary restraints are not practical, isolate
expansion joints from testing.

c. Flush system with clean water. Clean strainers.

d. Isolate equipment that is not to be subjected to the test pressure from the piping. If
a valve is used to isolate the equipment, its closure shall be capable of sealing
against the test pressure without damage to the valve. Flanged joints at which
blinds are inserted to isolate equipment need not be tested.

e. Install relief valve set at a pressure no more than 1/3 higher than the test
pressure, to protect against damage by expansion of liquid or other source of
overpressure during the test.

Testing: Test hydronic piping as follows:

a. Use ambient temperature water as the testing medium, except where there is a risk
of damage due to freezing. Another liquid may be used if it is safe for workmen
and compatible with the piping system components.
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b. Use vents installed at high points in the system to release trapped air while filling

the system. Use drains installed at point for complete removal of the liquid.
C. Examine system to see that equipment and parts that cannot withstand test

3.9

3.10

pressures are properly isolated. Examine test equipment to ensure that it is tight
and that low pressure filling lines are disconnected.

d. Subject piping system to a hydrostatic test pressure which at every point in the
system is not less than 1.5 times the design pressure. The test pressure shall not
exceed the maximum pressure for any vessel, pump, valve, or other component in
the system under test. Make a check to verify that the stress due to pressure at
the bottom of vertical runs does not exceed either 90% of specified minimum yield
strength, or 1.7 times the "SE" value in Appendix A of ASME B31.9, Code for
Pressure Piping, Building Services Piping.

e. After the hydrostatic test pressure has been applied for at least 10 minutes,
examine piping, joints, and connection for leakage. Eliminate leaks by tightening,
repairing, or replacing components as appropriate, and repeat hydrostatic test until
there are no leaks.

Adjusting and Cleaning:

1. Clean and flush hydronic piping systems. Remove, clean, and replace strainer screens.
After cleaning and flushing hydronic piping system, but before balancing, remove
disposable fine mesh strainers in pump suction diffusers.

2. Chemical Treatment: Provide a water analysis prepared by the chemical treatment
supplier to determine the type and level of chemicals required for prevention of scale and
corrosion. Perform initial treatment after completion of system testing.

INSTALLATION OF REFRIGERANT PIPING AND ACCESSORIES

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

Piping Installations:

1. Locations and Arrangements: Drawings indicate the general location and arrangement of
piping systems. Locations and arrangements of piping take into consideration pipe sizing
and friction loss, and other design consideration. So far as practical, install piping as

indicated.
2. Install pipe sleeves at all wall and floor penetrations.
3. Install escutcheons at all exposed pipe wall penetrations.

INSTALLATION OF ROOFTOP PENTHOUSE ENCLOSURES

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

General: Install in accordance with manufacturer's installation instructions. Install units plumb
and level, firmly anchored in location indicated, and maintain manufacturer's recommended
clearances.
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3.11

Support: Contractor shall coordinate installation with the roofing contractor, and shall install and
secure roof curb to roof structure, per details on the drawings and in accordance with National
Roofing Contractor's Association (NRCA) installation recommendations and shop drawings.
Install and secure rooftop units on curbs and coordinate roof penetrations and flashing.

Access: Provide access space around units for service as indicated, but in no case less than
that recommended by manufacturer.

INSTALLATION OF CONDENSING BOILERS

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

General: Install boilers in accordance with manufacturer's installation instructions, in
accordance with State and Local Code requirements. Install units plumb and level, to tolerance
of 1/8" in 10' - 0" in both directions. Maintain manufacturer's recommended clearances around
and over boilers.

Support: Install boilers on 4" thick concrete pad, 4" larger on each side than base of unit.
Provide supplemental structural steel supports (minimum 8" high) to elevate boiler as required to
allow proper condensate drainage.

Electrical Work: Install electrical devices furnished by manufacturer but not specified to be

factory mounted. Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer.

1. Verify that electrical work installation is in accordance with manufacturer's submittal and
installation requirements of Division 26 sections. Do not proceed with equipment start-up
until electrical work is acceptable to equipment Installer.

Gas Piping: Connect gas piping to boiler, full size of boiler gas train inlet, provide union with
sufficient clearance for burner removal and service.

Hot Water Piping: Connect supply and return boiler tappings as indicated, with shutoff valve and
union or flange at each connection.

Regulator Vents: Provide %” vent from each main and pilot regulator. Each vent shall terminate
outdoors per code requirements.

Breeching: Connect breeching to boiler outlet, full size of outlet. Route as indicated. Coordinate
breeching routing and sizing with Boiler Manufacturer and vent system manufacturer.

Flush and clean boilers upon completion of installation, in accordance with manufacturer's start-
up instructions.

Hydrostatically test assembled boiler and piping in accordance with applicable sections of ASME
Boiler and Pressure Vessel Code.

Arrange with National Board of Boiler and Pressure Vessel Inspectors for inspection of boiler
piping, observation of hydrostatic testing, and for certification of completed boiler units.
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3.12

3.13

Start-up boilers, in accordance with manufacturer's start-up instructions, and in presence of
boiler manufacturer's start up representative. Test controls, and demonstrate compliance with
requirements.  Adjust burner for maximum burning efficiency. Replace damaged or
malfunctioning controls and equipment.

Owner's Instructions: Provide services of manufacturer's technical representative for 4-hour day

to instruct Owner's personnel in operation and maintenance of boilers.

1. Schedule training with Owner, provide at least 7-day notice to Contractor and Engineer of
training date.

INSTALLATION OF HVAC PUMPS

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

General: Install HVAC pumps where indicated, in accordance with manufacturer's published
installation instructions, complying with recognized practices to ensure that HVAC pumps
comply with requirements and serve intended purposes.

Access: Provide access space around HVAC pumps for service as indicated, but in no case
less than that recommended by manufacturer.

Support: Install base-mounted pump assembly on minimum of 4" high concrete base equal or
greater than 3 times total weight of pump and motor. Set and level pump in base and grout with
non-shrink grout.

Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to be

factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer.

1. Verify that electrical wiring installation is in accordance with manufacturer's submittal and
installation requirements of Division 26 sections. Do not proceed with equipment start-up
until wiring installation is acceptable to equipment installer.

Adjusting and Cleaning

1. Alignment: Check alignment, and where necessary, realign shafts of motors and pumps
within recommended tolerances by manufacturer, and in presence of manufacturer's
service representative.

2. Start-Up: Lubricate pumps before start-up. Start-up in accordance with manufacturer's
instructions.
3. Cleaning: Clean factory-finished surfaces. Repair any marred or scratched surfaces with

manufacturer's touch-up paint.

INSTALLATION OF HVAC ROOFTOP UNITS (RTU)

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.
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3.14

General: Install rooftop units in accordance with manufacturer's installation instructions. Install
units plumb and level, firmly anchored in location indicated, and maintain manufacturer's
recommended clearances.

Support: Contractor shall coordinate installation with the roofing contractor, and shall install and
secure roof curb to roof structure, per details on the drawings and in accordance with National
Roofing Contractor's Association (NRCA) installation recommendations and shop drawings.
Install and secure rooftop units on curbs and coordinate roof penetrations and flashing.

Access: Provide access space around air handling units for service as indicated, but in no case
less than that recommended by manufacturer.

Duct Connections: Provide ductwork, accessories, and flexible connections as indicated.
Grounding: Provide positive equipment ground for air-handling unit components.

Provide two complete extra sets of filters for each air handling unit. Install new filters at
completion of air handling system work, and after completion of testing, adjusting, and balancing
work in accordance with MA-CHPs requirements. Obtain receipt from Owner that new filters
have been installed.

Provide one spare set of belts for each belt-driven air handling unit, obtain receipt from Owner
that belts have been received.

Electrical Connections: Refer to electrical sections for final connections to equipment and
installation of loose shipped electrical components.

Start-Up Services:

1. Provide the services of a factory-authorized service representative to start-up rooftop
units, in accordance with manufacturer's written start-up instructions. Test controls and
demonstrate compliance with requirements. Replace damaged or malfunctioning controls
and equipment.

Operating and Maintenance Training:

1. Provide services of manufacturer's service representative (minimum 8 hrs.) to instruct
Owner's personnel in operation and maintenance of rooftop units. Training shall include
start-up and shut-down, servicing and preventative maintenance schedule and
procedures, and trouble-shooting procedures plus procedures for obtaining repair parts
and technical assistance.

2. Schedule training with Owner, provide at least 7-day prior notice to the Architect/Engineer.

INSTALLATION OF H & V ROOFTOP UNITS (HVU)

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

General: Install rooftop units in accordance with manufacturer's installation instructions. Install
units plumb and level, firmly anchored in location indicated, and maintain manufacturer's
recommended clearances.
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3.15

Support: Contractor shall coordinate installation with the roofing contractor and shall install and
secure roof curb to roof structure, per details on the drawings and in accordance with National
Roofing Contractor's Association (NRCA) installation recommendations and shop drawings.
Install and secure rooftop units on curbs and coordinate roof penetrations and flashing.

Access: Provide access space around air handling units for service as indicated, but in no case
less than that recommended by manufacturer.

Duct Connections: Provide ductwork, accessories, and flexible connections as indicated.
Grounding: Provide positive equipment ground for air-handling unit components.

Provide two complete extra sets of filters for each air handling unit. Install new filters at
completion of air handling system work, and after completion of testing, adjusting, and balancing
work in accordance with MA-CHPs requirements. Obtain receipt from Owner that new filters
have been installed.

Provide one spare set of belts for each belt-driven air handling unit, obtain receipt from Owner
that belts have been received.

Electrical Connections: Refer to electrical sections for final connections to equipment and
installation of loose shipped electrical components.

Start-Up Services:

1. Provide the services of a factory-authorized service representative to start-up rooftop
units, in accordance with manufacturer's written start-up instructions. Test controls and
demonstrate compliance with requirements. Replace damaged or malfunctioning controls
and equipment.

Operating and Maintenance Training:

1. Provide services of manufacturer's service representative (minimum 4 hrs.) to instruct
Owner's personnel in operation and maintenance of rooftop units. Training shall include
start-up and shut-down, servicing and preventative maintenance schedule and
procedures, and trouble-shooting procedures plus procedures for obtaining repair parts
and technical assistance.

2. Schedule training with Owner, provide at least 7-day prior notice to the Architect/Engineer.

INSTALLATION OF VARIABLE AIR VOLUME BOXES

Vibration Control And Seismic Restraint: Refer to section 15100 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 15100 and drawing VS-1.

General: Install variable air volume boxes as indicated, and in accordance with manufacturer's
installation instructions.

Location: Install each unit level and accurately in position indicated in relation to other work; and
maintain sufficient clearance for normal service and maintenance, but in no case less than that
recommended by manufacturer.
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3.16

A

INSTALLATION OF GAS FIRED MAKE-UP AIR UNITS (MAU)

Vibration Control and Seismic Restraint: Refer to section 23 05 48 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

General: Install units where indicated, in accordance with equipment manufacturer's published
installation instructions, and with recognized industry practices, to ensure that units comply with
requirements and serve intended purposes.

Coordination: Coordinate with other work, including ductwork, floor construction, roof decking,
and piping, as necessary to interface installation of units with other work.

Access: Provide access space around units for service as indicated, but in no case less than
that recommended by manufacturer.

Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to be

factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer.

1. Verify that electrical wiring installation is in accordance with manufacturer's submittal and
installation requirements of Division 26 00 00 sections. Do not proceed with equipment
start-up until wiring installation is acceptable to equipment Installer.

Duct Connections: Provide ductwork, accessories, and flexible connections as indicated.
Grounding: Provide positive equipment ground for unit components.

Testing:  Upon completion of installation of units, start-up and operate equipment to
demonstrate capability and compliance with requirements. Field correct malfunctioning units,
than retest to demonstrate compliance.

Provide two complete extra set of filters for each unit. Install new filters at completion of system
work, and again after completion of testing, adjusting, and balancing work in accordance with
MA-CHPs requirements. Provide spare set of filters. Obtain receipt from Owner that new filters
have been installed.

Provide one spare set of belts for each belt-driven unit, obtain receipt from Owner that belts
have been received. Provide one spare set of belts for each belt-driven air handling unit, obtain
receipt from Owner that belts have been received.

Provide the services of a factory-authorized service representative to start-up rooftop units, in
accordance with manufacturer's written start-up instructions. Test controls and demonstrate
compliance with requirements. Replace damaged or malfunctioning controls and equipment.

Operating and Maintenance Training:

1. Provide services of manufacturer's service representative (2 hours minimum) to instruct
Owner's personnel in operation and maintenance of rooftop units. Training shall include
start-up and shut-down, servicing and preventative maintenance schedule and
procedures, and trouble-shooting procedures plus procedures for obtaining repair parts
and technical assistance.

2. Schedule training with Owner, provide at least 7-day prior notice to the Architect/Engineer.
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3.17 INSTALLATION OF TERMINAL HEATING UNITS (HYDRONIC)

A. Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

B. Installation of Finned Tube Radiation: (Hydronic)

1. General: Install finned tube radiation as indicated, and in accordance with manufacturer's
installation instructions.

2. Locate finned tube radiation as indicated, run cover wall-to-wall unless otherwise
indicated. Provide butt caps, splice joints, "Z" bends etc. for a complete installation.

3. Install access panels centered in front of each shutoff valve, balancing cock, steam trap,
or temperature control valve.

C. Installation of Convectors: (Hydronic)

1. General: Install convectors as indicated, and in accordance with manufacturer's
installation instructions.

2. Locate convectors as indicated, coordinate with other trades to assure correct recess size
for recessed convectors.

D. Installation of Horizontal Unit Heaters: (Hydronic)

1. General: Install unit heaters as indicated, and in accordance with manufacturer's
installation instructions.

2. Uncrate units and inspect for damage. Verify that nameplate data corresponds with unit
designation.

3. Hang units from building substrate, not from piping. Mount as high as possible to
maintain greatest headroom possible unless otherwise indicated.

4. Support units with rod-type hangers anchored to building substrate.

5. Install piping as indicated.

6. Protect units with protective covers during balance of construction.

E. Installation of Cabinet Unit Heaters: (Hydronic)

1. General: Install cabinet heaters as indicated, and in accordance with manufacturer's
installation instructions.

2. Coordinate with other trades to assure correct recess size for recessed units.

3. Install piping as indicated.

4. Protect units with protective covers during balance of construction.

F. Installation of Coils: (Hydronic)

1. General: Install coils as indicated, and in accordance with manufacturer's installation
instructions.

2. Pitch coil casings for drainage, not less than 1/8" toward return connections, except
where drainage feature is included in coil design.

G. Adjusting and Cleaning:

1. General: After construction is completed, including painting, clean unit exposed surfaces,
vacuum clean terminal coils and inside of cabinets.
2. Retouch any marred or scratched surfaces of factory-finished cabinets, using finish
materials furnished by manufacturer.
3. Install new filter units for terminals requiring same.
HVAC
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3.18 INSTALLATION OF TERMINAL HEATING UNITS (ELECTRIC)

A. Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

B. Installation of Electric Heating Terminals:

1. Install electric heating terminal units including components as indicated, in accordance
with equipment manufacturer's written instructions, and with recognized industry
practices; complying with applicable installation requirements of NEC and NECA's
"Standard of Installation".

2. Coordinate with other electrical work, including wiring/cabling, as necessary to properly
interface installation of heating terminal units with other work.

3. Clean dust and debris from each heating terminal as it is installed to ensure cleanliness.

4. Comb out damaged fins where bent or crushed before covering elements with
enclosures.

5. Touch-up scratched or marred heating terminal enclosure surfaces to match original
finishes.

6. Tighten connectors and terminals, including screws and bolts, in accordance with
equipment manufacturer published torque tightening values for equipment connectors.
Where manufacturer's torquing requirements are not indicated, tighten connectors and
terminal to comply with tightening torques specified in UL Std. 486A.

C. Grounding:

1. Provide equipment grounding connections for electric heating terminals as indicated,
Tighten connections to comply with tightening torque values specified in UL std. 486A to
assure permanent and effective grounding.

D. Electrical Wiring:

1. General: Install electrical devices furnished by manufacturer but not specified to be
factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to Electric
Installer.

a. Verify that electrical wiring installation is in accordance with manufacturer's
submittal and installation requirements of Division 26 sections. Do not proceed
with equipment start-up until wiring installation is acceptable to equipment installer.

b. Upon completion of installation of electric heating terminals, and after building
circuitry has been energized, test heating terminals to demonstrate capability and
compliance with requirements. Where possible, field correct malfunctioning units,
then retest to demonstrate compliance; otherwise, remove and replace with new
units and proceed with retesting.

C. Replace electric heating terminals and accessories which are damaged and
remove damaged items from construction site.

E. Adjusting and Cleaning:

1. General: After construction is completed, including painting, clean unit exposed surfaces,
vacuum clean terminal coils and inside of cabinets.
2. Retouch any marred or scratched surfaces of factory-finished cabinets, using finish
materials furnished by manufacturer.
3. Install new filter units for terminals requiring same.
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3.19 POWER AND GRAVITY VENTILATORS

A. Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

B. General: Except as otherwise indicated or specified, install ventilators in accordance with
manufacturer's installation instructions and recognized industry practices to insure that products
serve the intended function.

C. Coordinate ventilator work with work of roofing, walls and ceilings, as necessary for proper
interfacing.

D. Ductwork:  Connect ducts to ventilators in accordance with manufacturer's installation
instruction, and details on drawings.

E. Roof Curbs: Furnish roof curbs to roofing Installer for installation.

F. Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to be
factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer.
1. Verify that electrical wiring installation is in accordance with manufacturer's submittal and

installation requirements of Division 26 sections. Verify proper rotation direction of fan
wheels. Do not proceed with equipment start-up until wiring installation is acceptable to
equipment installer.

G. Remove shipping bolts and temporary supports within ventilators. Adjust dampers for free
operation.

H. Testing: After installation of ventilators has been completed, test each ventilator to possible,
field correct malfunctioning units, then retest to demonstrate compliance. Replace units which
cannot be satisfactorily corrected.

l. Cleaning: Clean factory-finished surface. Repair any marred or scratched surfaces with
manufacturer's touch-up paint.

J. General: Furnish to Owner, with receipt, one spare set of belts for each belt driven power
ventilator.

3.20 INSTALLATION OF METAL DUCTWORK

A. Installation of Metal Ductwork:

1. General: Assemble and install ductwork in accordance with recognized industry practices
which will achieve air-tight (5% leakage for systems rated 3" and under; 1% for systems
rated over 3") and noiseless (no objectionable noise) systems, capable of performing
each indicated service. Install each run with minimum number of joints. Align ductwork
accurately with internal surface smooth. Support ducts rigidly with suitable ties, braces,
hangers and anchors of type which will hold ducts true-to-shape and to prevent buckling.
Support vertical ducts at every floor.

2. Sealing: All ductwork joints and seams shall be sealed with flexible duct sealer to assure
an airtight installation.
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3.21

3. Penetrations: Where ducts pass through interior partitions and exterior walls, and are
exposed to view, conceal space between construction opening and duct or duct insulation
with sheet metal flanges of same gage as duct. Overlap opening on 4 sides by at least 1-
1/2". Fasten to duct and substrate.

a. Where ducts pass through fire-rated floors, walls, or partitions, provide firestopping
between duct and substrate.
4. Coordination: Coordinate duct installation with installation of accessories, dampers, coil

frames, equipment, controls and other associated work of ductwork system.
5. Installation: Install metal ductwork in accordance with "SMACNA HVAC Duct
Construction Standards".

Installation of Duct Liners:

1. General Install duct liners in accordance with  SMACNA "HVAC Duct Construction
Standards".

Installation of Flexible Ducts:

1. Maximum Length: For any duct run using flexible ductwork, do not exceed 4'-0" extended
length.

2. Installation: Install in accordance with Section Il of SMACNA's, "HVAC Duct Construction

Standards, Metal and Flexible".

Field Quality Control:

1. Leakage Tests: After each duct system, which is constructed for duct classes over 3" is
completed, test for duct leakage in accordance with SMACNA "HVAC Air Duct Leakage
Test Manual". Repair leaks and repeat tests until total leakage is less than 1% of system
design air flow.

Equipment Connections:

1. General: Connect metal ductwork to equipment as indicated, provide flexible connection
for each ductwork connection to equipment mounted on vibration isolators, and/or
equipment containing rotating machinery.

Adjusting and Cleaning:

1. Clean ductwork internally, unit by unit as it is installed, of dust and debris. Clean external
surfaces of foreign substances which might cause corrosive deterioration of metal or,
where ductwork is to be painted, might interfere with painting or cause paint deterioration.

2. Temporary Closure: At ends of ducts which are not connected to equipment or air
distribution devices at time of ductwork installation, provide temporary closure of
polyethylene film or other covering which will prevent entrance of dust and debris until
final connections are to be completed.

3. Balancing: Refer to Division 23 section "Testing, Adjusting, and Balancing" for air
distribution balancing of metal ductwork. Seal any leaks in ductwork that become
apparent in balancing process.

INSTALLATION OF DUCTWORK ACCESSORIES
Install ductwork accessories in accordance with manufacturer's installation instructions, with
applicable portions of details of construction as shown in SMACNA standards, and in

accordance with recognized industry practices to ensure that products serve intended function.

Install turning vanes in square or rectangular 90 degree elbows in supply, return, and exhaust air
systems, and elsewhere as indicated.
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3.22

3.23

Install volume and/or splitter damper with adjusting rod in each supply branch. Install according
to detail on drawings.

Install access doors to open against system air pressure, with latches operable from either side,
except outside only where duct is too small for person to enter.

Operate installed ductwork accessories to demonstrate compliance with requirements. Test for
air leakage while system is operating. Repair or replace faulty accessories, as required to obtain
proper operation and leakproof performance.

Adjusting: Adjust ductwork accessories for proper settings, install fusible links in fire dampers
and adjust for proper action.

Cleaning: Clean factory-finished surfaces. Repair any marred or scratched surfaces with
manufacturer's touch-up paint.

Furnish extra fusible links to owner, one link for every 10 installed of each temperature range;
obtain receipt.

INSTALLATION OF ACOUSTIC DUCT LINING

Installation: All portions of duct designed to receive duct liner shall be completely covered. The
smooth, black coated surfaces shall face the airstream. All liners shall be cut to assure tight,
overlapped corner joints. The top pieces shall be supported by the side pieces. The liner shall be
adhered to the sheet metal with full coverage of an approved adhesive that conforms to ASTM C
916, and all exposed leading edges and transverse joints shall be coated with Permacote
factory-applied or field-applied edge coating and shall be neatly butted without gaps. Shop or
field cuts shall be liberally coated with "Schuller SuperSeal Edge Treatment" or approved
adhesive. The liner shall be additionally secured with mechanical fasteners. The pin length
should be such as to hold the material firmly in place with minimum compression of the material.

INSTALLATION OF SOUND ATTENUATORS

Vibration Control and Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.

General: Install sound attenuators as indicated, and in accordance with manufacturer's
installation instructions.

Location: Install each unit level and accurately in position indicated in relation to other work; and
maintain sufficient clearance for normal service and maintenance, but in no case less than that
recommended by manufacturer.

Upon completion of installation test and demonstrate that sound attenuators, and duct
connections to sound attenuators, are leak tight.
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3.24 INSTALLATION OF AIR OUTLETS AND INLETS
A. General: Install air outlets and inlets in accordance with manufacturer's written instructions and
in accordance with recognized industry practices to insure that products serve intended function.
B. Locate ceiling air diffusers, registers, and grilles, as indicated on general construction "Reflected
Ceiling Plans". Unless otherwise indicated, locate units in center of acoustical ceiling module.
3.25 INSTALLATION OF DUCTLESS COOLING UNIT SYSTEMS
A. Vibration Control And Seismic Restraint: Refer to section 230548 and drawing VS-1 for the
appropriate support of each piece of HVAC equipment noted as requiring such. The vibration
control and seismic restraint manufacturer shall recommend the correct connection and device
as outlined in section 230548 and drawing VS-1.
B. General:

1. Verify all dimensions by field measurements. Verify roof structure, mounting supports,
wall structure, and membrane installations are completed to the proper point to allow
installation of wall mounted and roof mounted units. Examine rough-in for refrigerant
piping systems to verify actual locations of piping connections prior to installation. Do not
proceed until unsatisfactory conditions have been corrected.

2. Install equipment in accordance with manufacturer’s installation instructions. Install units
plumb and level, firmly anchored in locations indicated, and maintain manufacturer's
recommended clearances.

C. Field Quality Control:

1. Provide the services, to include a written report, of a factory authorized service
representative to examine the field assembly of the components, installation, and piping
and electrical connections.

2. Charge systems with refrigerant and oil, and test for leaks. Repair leaks and replace lost
refrigerant and oil.

D. Demonstration:

1. Provide the services of a factory authorized service representative to provide start-up
service and to demonstrate and train the Owner's maintenance personnel as specified
below.

2. Start-up service: Place units into operation and adjust controls and safeties. Replace
damaged or malfunctioning components and controls.

E. Training:

1. Train the Owner's maintenance personnel on start-up and shut-down procedures,
troubleshooting procedures, and servicing and preventative maintenance schedules and
procedures.

2. Schedule training with Owner through the Architect/Engineer with at least 7 days prior
notice.

3.26 INSTALLATION OF CONDENSATE DISCHARGE PUMPS
A. Examine areas and conditions under which pumps are to be installed. Do not proceed with work

until unsatisfactory conditions have been corrected in manner acceptable to installer.
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3.27

3.28

3.29

Installation Of Equipment

1. General: Install equipment in accordance with manufacturer's installation instructions.
Install units plumb and level, firmly anchored in drain pans and locations indicated, and
maintain manufacturer's recommended clearances.

2. Accessories: Install equipment accessories not installed at factory.

3. Connections: Connect discharge piping as indicated and terminate where indicated on
the contract documents.

4. Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to
be factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to electrical
installer.

a. Verify that electrical wiring installation is in accordance with manufacturer's

submittal and installation requirements of Division 26 sections. Do not proceed
with equipment start-up until wiring installation is acceptable to equipment installer.

Field Quality Control

1. General: Start-up equipment, in accordance with manufacturer's start-up instructions.
Test controls and demonstrate compliance with requirements. Replace damaged or
malfunctioning controls and equipment.

Closeout Procedures
1. Training: Instruct Owner's personnel in operation and maintenance of condensate
discharge pumps.

INSTALLATION OF FIRESTOP SYSTEMS

General: Install firestop systems at all fire-rated construction where penetrated by the Work of
this Section.

Refer to Section 078400 - Firestopping, for all installation requirements for maintaining integrity
of fire-rated construction at penetrations.

INSTALLATION OF WALL AND CEILING ACCESS DOORS

General: Install access doors in accordance with manufacturer's written instructions and in
accordance with recognized industry practices to insure that products serve intended function.

All access doors shall be located in a workmanlike manner in closets, storage rooms, and/or
other non-public areas, positioned so that the item or part can be easily reached, and the size
shall be sufficient for this purpose (minimum size 12" X 16"). Furnish access doors to permit
thorough inspection. When access doors are required in corridors, lobbies, or other habitable
areas, they shall be located as directed by the Architect.

AUTOMATIC TEMPERATURE CONTROLS (DDC)

Installation Of Automatic Temperature Controls (DDC):
1. Installation of Control Systems:
a. General: Install systems and materials in accordance with manufacturer's
instructions, roughing-in drawings and details shown on drawings.
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Control Wiring: Install control wiring, without splices between terminal points, color-
coded. Install in neat workmanlike manner, securely fastened. Install in
accordance with National Electrical Code.

1) Install circuits over 25-volt with color-coded No. 12 wire in electric metallic
tubing.
2) Install circuits under 25-volt with color-code No. 18 wire with 0.031" high

temperature 105° F. (41° C) plastic insulation on each conductor and plastic
sheath over all.

3) Install electronic circuits with color-coded No. 22 wire with 0.023"
polyethylene insulation on each conductor with plastic-jacketed copper shield
over all.

4) Install low voltage circuits, located in concrete slabs, masonry walls, or in

mechanical areas, in electrical conduit. Where exposed in occupied areas
install all wiring in wiremold.

5) Power sources from lighting circuits and wall outlets shall not be used to
power DDC controllers.

Controllers and safety devices:

1) All safety devices such as freezestats, duct mounted heat detectors, smoke
detectors, etc., shall be hard wired to shut down the fans independently.
Provide audible alarm with silence switch as well as DDC indication.

2) Humidifier controls shall be hard wired through fan proof flow differential
switch and starter auxiliary contacts to disable humidifier system on fan
shutdown. Provide DDC indication.

3) All supply, return and exhaust fans shall be provided with pressure
differential switches. Current sensing devices, starter auxiliary contacts, and
relay contacts are unacceptable proof of fan operation.

4) Primary and standby pumps shall be selectable through the DDC control
system. Provide local pilot light to indicate selected pump as well as alarm
and silence switch for failed pump. Provide differential pressure switch to
prove flow.

2. Adjusting and Cleaning:

a.

Start-Up:  Start-up, test, and adjust DDC control systems in presence of

manufacturer's authorized representative. Demonstrate compliance with

requirements. Replace damaged or malfunctioning controls and equipment.

Cleaning: Clean factory-finished surfaces. Repair any marred or scratched

surfaces with manufacturer's touch-up paint.

Final Adjustment: After completion of installation, adjust thermostats, control

valves, motor and similar equipment provided as work of this section.

1) Final adjustment shall be performed by specially trained personnel in direct
employ of manufacturer of primary temperature control system.

3. CLOSEOUT PROCEDURES:

a.

Owner's Instructions: Provide services of manufacturer's technical representative
for 40 hours of onsite instruction on running and basic troubleshooting of DDC
control system.
Validation: The automatic temperature control contractor shall completely check
out, calibrate and test all connected hardware and software to insure that the
system performs in accordance with the approved specifications and sequence of
operation submitted.
1) Witnessed validation demonstration shall consist of:
a) Execute digital and analog commands in English and graphic mode.
b) Demonstrate all specified diagnostics.
c) Demonstrate scan, update, and alarm responsiveness.
2) Comply with Section 018100 Commissioning Requirements.
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3.30

C. Training:
1) All training shall be by the automatic temperature control contractor and shall
utilize specified manuals and as-built documentation.
2) Operator training shall include:
a) Sequence of Operation review.
Sign on-Sign off.
Modifying warning limits, alarm limits and start-stop times.
System initialization.
Use of Portable Operators Terminal.
Troubleshooting of sensors (determining bad sensors).
) Point disable/enable.
) Software review of Sequence of Operation programs.
i) Modification of control programs.
j) Add/Delete/Modify data points.
k) Use of diagnostics.
) Review of initialization.
3) Training shall be for Owner-designated personnel at the subject site, and
shall be scheduled by the Owner with two week notice.

O
—_——

Q20 Q0

TESTING, ADJUSTING, AND BALANCING

REQUIREMENTS:

1.

5.

Requirements include verification of HVAC system operation, measurement of all system
capacity, and establishment of the quantities of the mechanical systems as required to
meet specifications, and recording and reporting the results.
The entire project is considered phased construction, and as such, as each phase of
construction is completed the appropriate balancing for that phase of work shall be
completed. At the completion of all phases of construction each previous phase of
completed balancing must be re-checked and re-adjusted accordingly to match final
design conditions. A preliminary report of each phase of construction will be submitted for
approval during each phase of construction, and a final balancing report including all
phases of construction will be submitted at the completion of the project.

Commission, test, adjust and balance the following mechanical systems:

a. Supply air systems.

b Return air systems.

c Exhaust air systems.

d. Outside air systems.

e. Hydronic heating and cooling systems.

f. Verify temperature control system operation.

Do not include:

a. Testing boilers and pressure vessels for compliance with safety code.

b. Installation of adjusting and balancing devices. If devices must be added to
achieve proper adjusting and balancing. Contact Mechanical Contractor and the
Engineer for direction.

Comply with Commissioning Test Requirements in Section 018100.

REPORT:

1.

Format: Report forms shall be those standard forms prepared by the referenced standard
for each respective item and system to be tested, adjusted, and balanced. Bind report
forms complete with schematic systems diagrams and other data in reinforced, vinyl,
three-ring binders. Provide binding edge labels with the project identification and a title
descriptive of the contents. Divide the contents of the binder into the below listed
divisions, separated by divider tabs:

a. General Information and Summary.
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b. Air Systems.

C. Hydronic heating and cooling systems.

d. Temperature Control Systems.

Contents: Provide the following minimum information, forms and data:

a. General Information and Summary: Inside cover sheet to identify testing, adjusting,

and balancing agency, Contractor, Owner, Architect, Engineer, and Project.

Include addresses, and contact names and telephone numbers. Also include a

certification sheet containing the seal and name address, telephone number, and

signature of the Certified Test and Balance Engineer. Include in this division a

listing of the instrumentation used for the procedures along with the proof of

calibration.

b. The remainder of the report shall contain the appropriate forms containing as a
minimum, the information indicated on the standard report forms prepared by the
AABC for each respective item and system.

c. Submit proof that all required instrumentation has been calibrated to tolerances

specified in the referenced standards, within a period of six months prior to starting

the project.

C. QUALITY ASSURANCE:

1.

An independent testing, adjusting, and balancing agency certified by the AABC or NEBB
as a Test and Balance Engineer in those testing and balancing disciplines required for
this project.
Codes and Standards:
a. AABC: "National Standards For Total System Balance".
b. ASHRAE: ASHRAE Handbook, 1984 Systems Volume, Chapter 37, Testing,
Adjusting, and Balancing.
Pre-Balancing Conference: Prior to beginning of the testing, adjusting, and balancing
procedures, schedule and conduct a conference with the Architect/Engineer and
Mechanical Contractor. The objective of the conference is final coordination and
verification of system operation and readiness for testing, adjusting, and balancing.
System Operation: Systems shall be fully operational prior to beginning procedures. All
new automatic temperature controls shall be fully operational. Test, adjust and balance
the air systems before refrigerant systems. Test, adjust and balance air conditioning
systems during summer season, and heating systems during winter season, including at
least a period of operation at outside conditions within 5E F. wet bulb temperature of
maximum summer design condition, and within 10E F. dry bulb temperature of minimum
winter design condition. Take final temperature reading during seasonal operation.

D. PRELIMINARY PROCEDURES:

1.

Air Systems:

a. Obtain drawings and become thoroughly acquainted with the systems.

b. Compare drawings to installed equipment and field installations.

C. Walk the system from the system air handling equipment to terminal units to
determine variations in installation.

d. Check filters for cleanliness.

e. Check all dampers (volume and fire) for correct and locked position, and
temperature control for completeness of installation before starting fans.

f. Prepare report test sheets for both fans and outlets. Obtain manufacturer's outlet

factors and recommended procedures for testing. Prepare a summation of
required outlet volumes to permit a cross check with required fan volumes.

g. Determine best locations in main and branch ductwork for most accurate duct
traverses. Traverses shall be performed in each supply and return duct main and
sub-mains for each AHU and return air fan.

h. Place outlet dampers in the full open position.
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Prepare schematic diagrams of system "as-built" ductwork and piping layouts to

facilitate reporting.

Verify lubrication of all motors and bearings.

k. Check fan belt tension.

l. Check fan rotation.

Hydronic Systems:

a. Open valves to full open position. Close coil bypass valves.

b. Remove and clean all strainers.

C. Examine hydronic systems and determine if water has been treated and cleaned.

d. Check pump rotation.

e. Check expansion tanks to verify noted air pressure and that the system is
completely full of water.

f. Check air vents at high points of system and determine if all are installed and
operating freely.

g. Set temperature controls so all coils are calling for full flow.

h. Check operation of automatic bypass valves.

i Check and set operating temperatures of chillers, boilers, and heat exchangers to
design requirements.

j- Verify lubrication of all motors and bearings.

Measurements:

a. Provide all required instrumentation to obtain proper measurements, calibrated to
the tolerance specified in the referenced standards. Instruments shall be properly
maintained and protected against damage.

b. Provide instruments meeting the specifications of the referenced standards.

C. Use only those instruments which have the maximum field measuring accuracy
and are best suited to the function being measured.

d. Apply instrument as recommended by the manufacturer.

e. Use instruments with minimum scale and maximum subdivisions and with scaled
ranges proper for the value being measured.

f. When averaging values, take a sufficient quantity of readings which will result in a
repeatability error of less than 5%. When measuring a single point, repeat
readings until 2 consecutive identical values are obtained.

g. Take all reading with the eye at the level of the indicated value to prevent parallax.

h. Use pulsation dampeners where necessary to eliminate error involved in estimating

average of rapidly fluctuation readings.
Take measurements in the system where best suited to the task.

E. Performing Testing, Adjusting, and Balancing:
Test, adjust and balance all noted systems according to SMACNA standards and as
follows:

1.

a.

b.

Perform testing and balancing procedures on each system identified, in
accordance with the detailed procedures outlined in the referenced standards.

Cut insulation and ductwork for installation of test probes to the minimum extent
necessary to allow adequate performance of procedures.

Patch insulation, ductwork, and housings, using materials identical to those
removed.

Seal ducts and test for and repair leaks.

Seal insulation to re-establish integrity of the vapor barrier.

Mark equipment settings, including damper control positions, valve indicators, fan
speed control levers, and similar controls and devices, to show final settings. Mark
with paint or other suitable, permanent identification materials.

Retest, adjust and balance system subsequent to significant system modifications,
and resubmit test results.
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2. System Deficiencies:
a. The Balancing Contractor shall advise the Mechanical Contractor and the Engineer

of all system deficiencies in writing. Report all motors not running, missing
dampers, inoperative valves and controls, lack of access, etc.

b. Upon completion of system deficiencies, Balancing Contractor shall balance and
record data.

END OF SECTION
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SECTION 230548

VIBRATION CONTROL AND SEISMIC RESTRAINT

PART 1 - GENERAL

1.1

A

DESCRIPTION

General: The work noted within section 230548 is referenced by division 210000, 220000,
230000, 260000. Provide all necessary labor & material in each division as required herein.

Intent:
1.

All mechanical equipment, piping, and ductwork shall be mounted on vibration isolators to
prevent the transmission of vibration and mechanically transmitted sound to the building
structure. Vibration isolators shall be selected in accordance with the weight distribution
so as to produce reasonably uniform deflections.

All isolators and isolation materials shall be of the same manufacturer and shall be
certified by the manufacturer.

It is the intent of the seismic portion of this specification to keep all mechanical and
electrical building system components in place during a seismic event.

All such systems must be installed in strict accordance with seismic codes, component
manufacturer's, and building construction standards. Whenever a conflict occurs
between the manufacturer's or construction standards, the most stringent shall apply.
This specification is considered to be minimum requirements for seismic consideration
and is not intended as a substitute for legislated, more stringent, national, state or local
construction requirements (i.e. California Title 24, California OSHPD, Canadian Building
Codes, or other requirements).

Any variance or non-compliance with these specification requirements shall be corrected
by the contractor in an approved manner.

The work in this section includes, but is not limited to the following:

ONoOOR~GN =

Vibration isolation for piping, ductwork and equipment.

Equipment isolation bases.

Flexible piping connections.

Seismic restraints for isolated equipment.

Seismic restraints for non-isolated equipment.

Certification of seismic restraint designs and installation supervision.

Certification of seismic attachment of housekeeping pads.

All mechanical and electrical systems. Equipment buried underground is excluded but
entry of services through the foundation wall is included. Equipment referred to below is
typical. (Equipment not listed is still included in this specification).

AC Units Generators

Air Cooled Condensing Units Heat Exchangers
Air Handling Units Light Fixtures

Air Separators Motor Control Ctrs
Battery Racks Piping

Boilers Pumps (all types)
Bus Ducts Rooftop Units
Cable Trays Switching Gear
Chillers Tanks (all types)
Comp. Room Units Transformers
Conduit Unit Heaters
Cooling Towers Unit Substations
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Ductwork Var. Freq. Drives
Dust Collectors VAV Boxes
Electrical Panels Water Heaters

1.2

Fans (all types

Definitions:

1.

Life Safety Systems

a. All systems involved with fire protection including sprinkler piping, fire pumps,
jockey pumps, fire pump control panels, service water supply piping, water tanks,
fire dampers and smoke exhaust systems.

b. All systems involved with and/or connected to emergency power supply including
all generators, transfer switches, transformers, and all flowpaths to fire protection
and/or emergency lighting systems.

C. All medical and life support systems.

d. Fresh air & relief systems on emergency control sequence including air handlers,
conduit, duct, dampers, etc.

Positive Attachment

a. A positive attachment is defined as a cast-in anchor, a drill-in wedge anchor, a
double sided beam clamp loaded perpendicular to a beam, or a welded or bolted
connection to structure. Single sided "C" type beam clamps for support rods of
overhead piping, ductwork, fire protection, electrical conduit, bus duct, or cable
trays, etc. are not acceptable as seismic anchor points.

Transverse Bracing

a. Restraint(s) applied to limit motion perpendicular to the centerline of the pipe, duct
or conduit.

Longitudinal Bracing

a. Restraint(s) applied to limit motion parallel to the centerline of the pipe, duct or
conduit.

SUBMITTAL DATA REQUIREMENTS

In addition to requirements of Section 01300, the manufacturer of vibration isolation and seismic
restraints shall provide submittals for products as follows:

1.

Descriptive Data

a. Catalog cuts or data sheets on vibration isolators and specific restraints detailing
compliance with the specification.
b. Detailed schedules of flexible and rigidly mounted equipment, showing vibration

isolators and seismic restraints by referencing numbered descriptive drawings.
Shop Drawings

a. Submit fabrication details for equipment bases including dimensions, structural
member sizes and support point locations.

b. Provide all details of suspension and support for ceiling hung equipment.

C. Where wallls, floors, slabs or supplementary steel work are used for seismic

restraint locations, details of acceptable attachment methods for ducts, conduit and
pipe must be included and approved before the condition is accepted for
installation. Restraint manufacturers' submittals must include spacing, static loads
and seismic loads at all attachment and support points.

d. Provide specific details of seismic restraints and anchors; include number, size and
locations for each piece of equipment.

Seismic Certification and Analysis

a. Seismic restraint calculations must be provided for all connections of equipment to
the structure. Calculations must be stamped by a registered professional engineer
with at least five years of seismic design experience, licensed in the state of the job
location.
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1.3

1.4

1.5

b. All restraining devices shall have a pre-approval number from California OSHPD or
some other recognized government agency showing maximum restraint ratings.
Pre-approvals based on independent testing are preferred to pre-approvals based
on calculations. Where pre-approved devices are not available, submittals based
on independent testing are preferred. Calculations (including the combining of
tensile and shear loadings) to support seismic restraint designs must be stamped
by a registered professional engineer with at least five years of seismic design
experience and licensed in the state of the job location. Testing and calculations
must include both shear and tensile loads as well as one test or analysis at 450 to
the weakest mode.

C. Analysis must indicate calculated dead loads, static seismic loads and capacity of
materials utilized for connections to equipment and structure. Analysis must detail
anchoring methods, bolt diameter, embodiment and/or welded length. All seismic
restraint devices shall be designed to accept, without failure, the forces required
acting through the equipment center of gravity. Overturning moments may exceed
forces at ground level.

CODE AND STANDARDS REQUIREMENTS

Typical Applicable Codes, Standards, and Categories:

1. International Building Code 2009 with an effective peak acceleration coefficient of 0.15.
2. Massachusetts State Building Code, Eighth Edition.
3. Seismic hazard exposure group of |, II, lll and seismic performance category of C, D.

MANUFACTURER'S RESPONSIBILITY

Manufacturer of vibration isolation and seismic control equipment shall have the following
responsibilities:

Determine vibration isolation and seismic restraint sizes and locations.

Provide vibration isolation and seismic restraints.

Provide calculations and materials if required for restraint of unisolated equipment.
Provide installation instructions, drawings and trained field supervision to insure proper
installation and performance.

Pop=

RELATED WORK

Housekeeping Pads:

1. Housekeeping pads shall be coordinated with restraint vendor and sized to provide a
minimum edge distance of ten (10) bolt diameters all around the outermost anchor bolt to
allow development of full drill-in wedge anchor ratings. If cast-in anchors are to be used,
the housekeeping pads shall be sized to accommodate the ACI requirements for bolt
coverage and embodiment.

Supplementary Support Steel:
1. Contractor shall supply supplementary support steel for all equipment, piping, ductwork,
etc. including roof mounted equipment.

Attachments:

1. Contractor shall supply restraint attachment plates cast into housekeeping pads, concrete
inserts, double sided beam clamps, etc. in accordance with the requirements of the
vibration vendor's calculations.
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1.6

1.7

A

A

C.

D.

DESIGN REQUIREMENTS

Design isolators for equipment installed outdoors to provide adequate restraint to withstand the
force of a 100 mph wind applied to any exposed surface of the isolated equipment. Isolators for
outdoor equipment shall have bolt holes for attachment to equipment and to supports. The
vibration isolation Vendor shall submit verifying shear and over turning calculations, for their
product and equipment installation arrangement, stamped by a licensed Professional Engineer.
The design and supply of miscellaneous support steel above and below isolators will not be the
responsibility of the vibration isolation manufacturer.

QUALITY ASSURANCE

Coordinate the size, location, and special requirements of vibration isolation equipment and
systems with other trades. Coordinate plan dimensions with size of housekeeping pads.

Provide vibration isolators of the appropriate sizes, with the proper loading to meet the specified
deflection requirements.

Supply and install any incidental materials such as mounting brackets, attachments and other
accessories as may be needed to meet the requirements stated herein, even if not expressly
specified or shown on the drawings, without claim for additional payment.

Verify correctness of equipment model numbers and conformance of each component with
manufacturer's specifications.

Should any rotating equipment cause excessive noise or vibration when properly installed on the
specified isolators, the Contractor shall be responsible for rebalancing, realignment, or other
remedial work required to reduce noise and vibration levels. Excessive is defined as exceeding
the manufacturer's specifications for the unit in question.

PART 2 - PRODUCTS

21

2.2

A

B.

A

INTENT

All vibration isolators and seismic restraints described in this section shall be the product of a
single manufacturer. Mason Industry's products are the basis of these specifications; products
of other manufacturers are acceptable provided their systems strictly comply with the
specification.

For the purposes of this project, failure is defined as the discontinuance of any attachment point
between equipment or structure, vertical permanent deformation greater than 1/8 inch and/or
horizontal permanent deformation greater that 1/4 inch.

PRODUCT DESCRIPTIONS

Vibration Isolators and Seismic Restraints.

GENERAL:

1. All metal parts installed out-of-doors shall be corrosion resistant after fabrication.
Galvanizing shall meet ASTM Salt Spray Test Standards and Federal Test Standard No.
14.
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2. Isolators installed out-of-doors shall have base plates with bolt holes for fastening the
isolators to the support members.

3. Isolator types are scheduled to establish minimum standards. At the Contractor's option,
labor-saving accessories can be an integral part of isolators supplied to provide initial lift
of equipment to operating height, hold piping at fixed elevations during installation and
initial system filling operations, and similar installation advantages. Accessories and
seismic restraint features must not degrade the isolation performance of the isolators.

4. Static deflection of isolators shall be as provided in the EXECUTION section and as

shown on the drawings. All static deflections stated are the minimum acceptable
deflection for the mounts under actual load. Isolators selected solely on the basis of rated
deflections are not acceptable and will be disapproved.

SPECIFICATION:

1.

Two layers of 3/4" thick neoprene pad consisting of 2" square waffle modules separated
horizontally by a 1 6 gauge galvanized shim. Load distribution plates shall be used as
required. Pads shall be Type Super "W" as manufactured by Mason Industries, Inc.
Bridge-bearing neoprene mountings shall have a minimum static deflection of 0.2" and all
directional seismic capability. The mount shall consist of a ductile iron casting containing
two separated and opposing molded neoprene elements. The elements shall prevent the
central threaded sleeve and attachment bolt from contacting the casting during normal
operation. The shock absorbing neoprene materials shall be compounded to bridge-
bearing specifications. Mountings shall have an Anchorage Pre-approval "R” Number
from OSHPD in the State of California verifying the maximum certified horizontal and
vertical load ratings. Mountings shall be Type BR as manufactured by Mason Industries,
Inc.

Sheet metal panels shall be bolted to the walls or supporting structure by assemblies
consisting of a neoprene bushing cushioned between 2 steel sleeves. The outer sleeve
prevents the sheet metal from cutting into the neoprene. Enlarge panel holes as required.
Neoprene elements pass over the bushing to cushion the back panel horizontally. A steel
disc covers the inside neoprene element and the inner steel sleeve is elongated to act as
a stop so tightening the anchor bolts does not interfere with panel isolation in 3 planes.
Bushing assemblies can be applied to the ends of steel cross members where applicable.
All neoprene shall be bridge bearing quality. Bushing assemblies shall be type PB as
manufactured by Mason Industries, Inc.

A one (1) piece molded bridge bearing neoprene washer/bushing. The bushing shall
surround the anchor bolt and have a flat washer face to avoid metal to metal contact.
Neoprene bushings shall be type HG as manufactured by Mason Industries, Inc.

Spring isolators shall be free standing and laterally stable without any housing and
complete with a molded neoprene cup or 1/4" neoprene acoustical friction pad between
the baseplate and the support. All mountings shall have leveling bolts that must be rigidly
bolted to the equipment. Spring diameters shall be no less than 0.8 of the compressed
height of the spring at rated load. Springs shall have a minimum additional travel to solid
equal to 50% of the rated deflection. Submittals shall include spring diameters,
deflection, compressed spring height and solid spring height. Mountings shall be Type
SLF as manufactured by Mason Industries, Inc.

Restrained spring mountings shall have an SLF mounting as described in Specification 5,
within a rigid housing that includes vertical limit stops to prevent spring extension when
weight is removed. The housing shall serve as blocking during erection. A steel spacer
shall be removed after adjustment. Installed and operating heights are equal. A minimum
clearance of 1/2" shall be maintained around restraining bolts and between the housing
and the spring so as not to interfere with the spring action. Limit stops shall be out of
contact during normal operation. Since housings will be bolted or welded in position there
must be an internal isolation pad. Housing shall be designed to resist all seismic forces.
Mountings shall have Anchorage Pre-approval "R" Number from OSHPD in the state of
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10.

1.

12.

California certifying the maximum certified horizontal and vertical load ratings. Mountings
shall be SLR as manufactured by Mason Industries, Inc.

Spring mountings as in specification 5 built into ductile iron or steel housing to provide all
directional seismic snubbing. The snubber shall be adjustable vertically and allow a
maximum of 1/4 inch travel in all directions before contacting the resilient snubbing
collars. Mountings shall have an Anchorage Pre-approval "R" number from OSHPD in
the State of California verifying the maximum certified horizontal and vertical load ratings.
Mountings shall be SSLFH as manufactured by Mason Industries, Inc.

Air Springs shall be manufactured with upper and lower steel sections connected by a
replaceable flexible nylon reinforced neoprene element. Air spring configuration shall be
multiple bellows to achieve a maximum natural frequency of 3 Hz. Air Springs shall be
designed for a burst pressure that is a minimum of three times the published maximum
operating pressure. All air spring systems shall be connected to either the building control
air or a supplementary air supply and equipped with three leveling valves to maintain
leveling within plus or minus 1/8". Submittals shall include natural frequency, load and
damping tests performed by an independent lab or acoustician. Air Springs shall be Type
MT and leveling valves Type LV as manufactured by Mason Industries, Inc.

Restrained air spring mountings shall have an MT air spring as described in Specification
8, within a rigid housing that includes vertical limit stops to prevent air spring extension
when weight is removed. The housing shall serve as blocking during erection. A steel
spacer shall be removed after adjustment. Installed and operating heights are equal. A
minimum clearance of 1/2" shall be maintained around restraining bolts and between the
housing and the air spring so as not to interfere with the air spring action. Limit stops
shall be out of contact during normal operation. Housing shall be designed to resist all
seismic forces. Mountings shall be SLR-MT as manufactured by Mason Industries, Inc.
Hangers shall consist of rigid steel frames containing minimum 1 1/4" thick neoprene
elements at the top and a steel spring with general characteristics as in specification 5
seated in a steel washer reinforced neoprene cup on the bottom. The neoprene element
and the cup shall have neoprene bushings projecting through the steel box. To maintain
stability the boxes shall not be articulated as clevis hangers nor the neoprene element
stacked on top of the spring. Spring diameters and hanger box lower hole sizes shall be
large enough to permit the hanger rod to swing through a 30° arc from side to side before
contacting the rod bushing and short circuiting the spring. Submittals shall include a
hanger drawing showing the 30° capability. Hangers shall be type 30° as manufactured
by Mason Industries, Inc.

Hangers shall be as described in specifications 10, but they shall be pre-compressed and
locked at the rated deflection by means of a resilient seismic upstop to keep the piping or
equipment at a fixed elevation during installation. The hangers shall be designed with a
release mechanism to free the spring after the installation is complete and the hanger is
subjected to its full load. Deflection shall be clearly indicated by means of a scale.
Submittals shall include a drawing of the hanger showing the 30° capability. Hangers
shall be type PC30N as manufactured by Mason Industries, Inc.

Seismic Cable Restraints shall consist of galvanized steel aircraft cables sized to resist
seismic loads with a minimum safety factor of two and arranged to provide all-directional
restraint. Cable end connections shall be steel assemblies that swivel to final installation
angle and utilize two clamping bolts to provide proper cable engagement. Cables must
not be allowed to bend across sharp edges. Cable assemblies shall have an Anchorage
Pre-approval "R" Number from OSHPD in the State of California verifying the maximum
certified load ratings. Cable assemblies shall be Type SCB at the ceiling and at the clevis
bolt, SCBH between the hanger rod nut and the clevis or SCBYV if clamped to a beam all
as manufactured by Mason Industries, Inc.
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13.

14.

15.

16.

17.

18.

Seismic solid braces shall consist of steel angles or channels to resist seismic loads with
a minimum safety factor of 2 and arranged to provide all directional restraint. Seismic
solid brace end connectors shall be steel assemblies that swivel to the final installation
angle and utilize two through bolts to provide proper attachment. Seismic solid brace
assembly shall have anchorage pre-approval "R" number from OSHPD in the state of
California verifying the maximum certified load ratings. Solid seismic brace assemblies
shall be type SSB as manufactured by Mason Industries, Inc.

Note: Specifications 12 - 14 apply to trapeze as well as clevis hanger locations. At
trapeze anchor locations piping must be shackled to the trapeze. Specifications apply to
hanging equipment as well.

Steel angles, sized to prevent buckling, shall be clamped to pipe or equipment rods
utilizing a minimum of three ductile iron clamps at each restraint location when required.
Welding of support rods is not acceptable. Rod clamp assemblies shall have an
Anchorage Pre-approval "R" Number from OSHPD in the State of California. Rod clamp
assemblies shall be Type SRC as manufactured by Mason Industries, Inc.

Pipe clevis cross bolt braces are required in all restraint locations. They shall be special
purpose performed channels deep enough to be held in place by bolts passing over the
cross bolt. Clevis cross braces shall have an Anchorage Pre-approval "R" Number from
OSHPD in the State of California. Clevis cross brace shall be type CCB as manufactured
by Mason Industries, Inc.

All-directional seismic snubbers shall consist of interlocking steel members restrained by
a one-piece molded neoprene bushing of bridge bearing neoprene. Bushing shall be
replaceable and a minimum of 1/4 inch thick. Rated loading shall not exceed 1,000 psi.
A minimum air gap of 1/8 inch shall be incorporated in the snubber design in all directions
before contact is made between the rigid and resilient surfaces. Snubber end caps shall
be removable to allow inspection of internal clearances. Neoprene bushings shall be
rotated to insure no short circuits exist before systems are activated. Snubbers shall
have an Anchorage Pre-approval "R" Number from OSHPD in the State of California
verifying the maximum certified horizontal and vertical load ratings. Snubber shall be
Type Z-1 225 as manufactured by Mason Industries, Inc.

All directional seismic snubbers shall consist of interlocking steel members restrained by
shock absorbent rubber materials compounded to bridge bearing specifications.
Elastomeric materials shall be replaceable and a minimum of 3/4" thick. Rated loadings
shall not exceed 1,000 psi. Snubbers shall be manufactured with an air gap between
hard and resilient material of not less than 1/8" nor more that 1/4". Snubbers shall be
installed with factory set clearances. The capacity of the seismic snubber at 3/8"
deflection shall be equal or greater than the load assigned to the mounting grouping
controlled by the snubber multiplied by the applicable "G" force. Submittals shall include
the load deflection curves up to 1/2" deflection in the x, y and z planes. Snubbers shall
have an anchorage pre-approval "R" number from OSHPD in the state of California
verifying the maximum certified horizontal and vertical load ratings. Snubbers shall be
series Z-101 1 as manufactured by Mason Industries, Inc.

Stud wedge anchors shall be manufactured from full diameter wire, not from undersized
wire that is "rolled up" to create the thread. The stud anchor shall also have a safety
shoulder which fully supports the wedge ring under load. The stud anchors shall have an
evaluation report number from the 1.C.B.0 Evaluation Service, Inc. verifying its allowable
loads. Drill-in stud wedge anchors shall be type SAS as manufactured by Mason
Industries, Inc.
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19.

20.

21.

22.

Female wedge anchors are preferred in floor locations so isolators or equipment can be
slid into place after the anchors are installed. Anchors shall be manufactured from full
diameter wire, and shall have a safety shoulder to fully support the wedge ring under load.
Female wedge anchors shall have an evaluation report number from the I.C.B.0
Evaluation Service, Inc. verifying to its allowable loads. Drill-in female wedge anchors
shall be type SAB as manufactured by Mason Industries, Inc.

Vibration isolation manufacturer shall furnish integral structural steel bases. Rectangular

bases are preferred for all equipment. Centrifugal refrigeration machines and pump

bases may be T or L shaped where space is a problem. Pump bases for split case pump
shall include supports for suction and discharge elbows. All perimeter members shall be
steel beams with a minimum depth equal to 1/10 of the longest dimension of the base.

Base depth need not exceed 14' provided that the deflection and misalignment is kept

within acceptable limits as determined by the manufacturer. Height saving brackets shall

be employed in all mounting locations to provide a base clearance of 1 ". Bases shall be
type WF as manufactured by Mason Industries, Inc.

Vibration isolation manufacturer shall furnish rectangular steel concrete pouring forms for

floating and inertia foundations. Bases for split case pumps shall be large enough to

provide for suction and discharge elbows. Bases shall be a minimum of 1/1 2 of the

longest dimension of the base but not less than 6". The base depth need not exceed 1 2"

unless specifically recommended by the base manufacturer for mass or rigidity. Forms

shall include minimum concrete reinforcing consisting of 1/2" bars welded in place on 6"

centers running both ways in a layer 1 1/2" above the bottom. Forms shall be furnished

with steel templates to hold the anchor bolts sleeves and anchors while concrete is being

poured. Height saving brackets shall be employed in all mounting locations to maintain a

1" clearance below the base. Wooden formed bases leaving a concrete rather then a

steel finish are not acceptable. Base shall be type BMK or K as manufactured by Mason

Industries, Inc.

Roof Curb (by HVAC Contractor)

a. Curb mounted rooftop equipment shall be mounted on structural spring isolation
curbs that bear directly on the roof support structure, and are flashed and
waterproofed into the roof's membrane waterproofing system. All spring locations
shall have removable waterproof covers to allow for spring adjustment and/or
removal. Springs shall be Type A.

b. Unit shall be provided with wood nailer and flashing.

Curbs shall meet all NRCA Standards.

Curbs shall be similar to Novia Associates VibCurb Ill or equal having a minimum

3" rated static deflection or approved equal.

e. Vibration control: The spring roof curb shall have the top isolated or floating rail
attached in a manner to the fixed lower portion of the curb without short circuiting or
bridging between the two. Restraining bolt(s) or threaded rod shall be of sufficient
size to withstand the applied wind & or seismic forces at each spring pack location.

oo

f. An alignment bolt shall be installed before connecting the floating to non-floating
parts to guarantee perfect centering of the restraining bolts.
g. Weather proofing & air seal: The spring curb must keep the weather (air and water)

out and any airflow from the RTU in. The weather seal must not have the ability to
fail and allow water or air into the building.

h. The use of exposed exterior neoprene or some other elastomer material to seal the
top floating rail from the base of the curb in not acceptable.

i Vibration Mountings: Provide a rubber gasket covered by formed galvanized sheet
metal top flashing that overhangs the top wood nailer and galvanized bottom
flashing. The overlapping shall effectively cover the rubber gasket so it is protected
from the elements.
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The top flashing / support rail shall be 14 ga. G60-Zc steel formed with 90 bends
that extend down to the wood nailer. Provide a counter flashing member with a
sponge gasket attached that presses up against the horizontal bend. The seal
shall be replaceable, protected from the elements and easy to install.

Curb side material: Provide 12 Ga. G60 galvanized steel for curb side construction.

All side and end seam between sheets shall be continuously welded, corner joints

to be caulked and bolted.

Structural Capability:

1) Curbs shall be installed on metal decking/concrete slab. Air handling unit
load shall be properly distributed. Coordinate curb construction with pitch of
roof. Curbs shall be built to match the roof pitch in accordance with all
requirements of this project. Positive attachment of the curb to the structure
is imperative. Pitch correction shall be fabricated from 12 gauge galvanized
material and be continuous on all sides and ends. Field fabricated and
installed tube steel stub-ups are not acceptable. HVAC contractor shall
provide detailed information to the curb manufacturer regarding pitch
correction.

2) Plenum Sections: The side material must be capable of handling the static
pressure developed by the fans and not ‘oil can’. Provide spanning bar joists
as required to support plenum installation (even when the spring pockets are
center span).

3) Provide a continuous bottom tube steel member or side material of sufficient
strength. Mechanical contractor shall coordinate and verify all dimensions,
weights, roof penetrations, etc. with the Structural Engineer prior to
installation.

4) Curb Insulation: Provide spring curbs with a space between the floating and
non-floating parts for the installation of insulation. Curb manufacturer shall
provide factory installed insulation adhered to roof curb. Curbs shall be
externally factory insulated with a 1.7” thick R-12 foam insulation, FM Class
1 and UL Class A Ratings, with bonded fiber reinforced facer.

Protection: Curbs shall be completely shrink-wrapped during shipping.

Mechanical contractor shall provide all necessary materials to completely weather

proof and sound proof the curb installation.

Additional features:

1) Sound barrier: Provide a sound barrier package, consisting of G60
galvanized back-to-back angles. Sound barrier package shall be capable of
supporting two layers of 1/2" Durock concrete board with a maximum
deflection over the width of the curb of L/360. Durock furnished and installed
by the HVAC Contractor. Overlap all joints, caulk all seams and edges.
Transmission Loss & STC shall be as shown as follows. Sound
Transmission Loss at Frequency (Cycles per second) of (125)=20, (250)=27,
(500)=30, (1000)=32, (2000)=30, (4000)=38, (STC)=31.

2) Provide with framed Supply & Return air duct openings. Openings shall
match duct sizes and have 1" galvanized steel flanges.

3) Plenum sections: Where indicated on the drawings, provide in the interior of
the curb, double wall acoustical floor, walls and plenum divider. All insulation
shall be 2" thick fiber glass acoustical duct liner with reinforced coating
system. Insulation acoustical performance shall be as follows. Liner shall
not support microbial growth and shall be EPA registered and pass ASTM C
1071 & ASTM G21 bacterial tests conducted in accordance with ASTM G22.
Floors up to 90" curb I.D. width shall be constructed of 22 Ga., 20 Ga.
thereafter, solid G60 galvanized bottom panels and 22 Ga. galvanized
perforated 22.7% open area top panel. Floor shall be attached to walls and
plenum divider to provide an airtight plenum. Walls shall have 22 Ga.
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23.

24.

galvanized perforated 22.7% open area inside panels. Plenum divider shall
be double wall 22 Ga. perforated galvanized 22.7% open area panel on the
supply side with a 14 gauge solid panel opposite. Sound Absorption
Coefficient at Frequency (Cycles per second) of (125)=.23, (250)=.64,
(500)=.99, (1000)=1.05, (2000)=1.00, (4000)=.98, (NRC)=.90,

Flexible spherical expansion joints shall employ peroxide cured EPDM in the covers,
liners and Dacron tire cord friction ring. Solid steel rings shall be used within the raised
face rubber ends to prevent pullout. Flexible cable bead wire is not acceptable. Sizes 2"
and larger shall have two spheres reinforced with a ring between spheres to maintain
shape and complete with split ductile iron or steel flanges with hooked or similar
interlocks. Sizes 16' to 24" may be single sphere. Sizes 3/4" to 1 1/2" may have threaded
bolted flange assemblies, one sphere and cable retention. 14" and smaller connectors
shall be rated at 250 psi up to 190°F. with a uniform drop in allowable pressure to 190 psi
at 250°F. 16" and larger connectors are rated 180 psi at 190°F. and 135 psi at 250°F.
Safety factors to burst and flange pullout shall be a minimum of 3/1. All joints must have
permanent markings verifying a 5 minute factory test at twice the rated pressure.
Concentric reducers to the above specifications may be substituted for equal ended
expansion joints.

Expansion joints shall be installed in piping gaps equal to the length of the expansion
joints under pressure. Control rods need only be used in unanchored piping locations
where the manufacturer determines the installation exceeds the pressure requirement
without control rods, as control rods are not desirable in seismic work. If control rods are
used, they must have 1/2" thick Neoprene washer bushings large enough in area to take
the thrust at 1000 psi maximum on the washer area. Expansion joints shall be installed
on the equipment side of the shut off valves.

Submittals shall include two test reports by independent consultants showing minimum
reductions of 20 DB in vibration accelerations and 10 DB in sound pressure levels at
typical blade passage frequencies on this or a similar product by the same manufacturer.
All expansion joints shall be installed on the equipment side of the shut off valves.
Expansion joints shall be SAFEFLEX SFDEJ, SFEJ, SFDCR or SFU and Control Rods
CR as manufactured by Mason Industries, Inc.

Flexible stainless steel hose shall have stainless steel braid and carbon steel fittings.
Sizes 3" and larger shall be flanged. Smaller sizes shall have male nipples. Minimum
lengths shall be as tabulated:

Flanged Male Nipples
3x14 10 x 26 2x9 1-% x 13
4x15 12 x 28 % x 10 2x14
5x19 14 x 30 1x 11 2-1/2x 18
6 x 20 16 x 32 1-1/4 x 12
8 x22

Hoses shall be installed on the equipment side of the shut-off valves horizontally and
parallel to the equipment shafts wherever possible. Hoses shall be type BSS as
manufactured by Mason Industries, Inc.
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25.  All-directional acoustical pipe anchor, consisting of two sizes of steel tubing separated by
a minimum 1/2" thick 60 durometer neoprene. Vertical restraint shall be provided by
similar material arranged to prevent vertical travel in either direction. Allowable loads on
the isolation material should not exceed 500 psi and the design shall be balanced for
equal resistance in any direction. All-directional anchors shall be type ADA as
manufactured by Mason Industries, Inc.

26. Pipe guides shall consist of a telescopic arrangement of two sizes of steel tubing
separated by a minimum 1/2" thickness of 60 durometer neoprene. The height of the
guides shall be preset with a shear pin to allow vertical motion due to pipe expansion or
contraction. Shear pin shall be removable and reinsertable to allow for selection of pipe
movement. Guides shall be capable of + 1 5/8" motion, or to meet location requirements.
Pipe guides shall be type VSG as manufactured by Mason Industries, Inc.

27.  Split Wall Seals consist of two bolted pipe halves with minimum 3/4" thick neoprene
sponge bonded to the inner faces. The seal shall be tightened around the pipe to
eliminate clearance between the inner sponge face and the piping. Concrete may be
packed around the seal to make it integral with the floor, wall or ceiling if the seal is not
already in place around the pipe prior to the construction of the building member. Seals
shall project a minimum of I" past either face of the wall. Where temperatures exceed
240°F., 10# density fiberglass may be used in lieu of the sponge. Seals shall be Type
SWS as manufactured by Mason Industries, Inc.

28. The horizontal thrust restraint shall consist of a spring element in series with a neoprene
molded cup as described in specification 5 with the same deflection as specified for the
mountings or hangers. The spring element shall be designed so it can be preset for
thrust at the factory and adjusted in the field to allow for a maximum of 1/4" movement at
start and stop. The assembly shall be furnished with 1 rod and angle brackets for
attachment to both the equipment and the duct work or the equipment and the structure.
Horizontal restraints shall be attached at the centerline of thrust and symmetrical on either
side of the unit. Horizontal thrust restraints shall be type WBI/WBD as manufactured by
Mason Industries, Inc.

PART 3 - EXECUTION

3.1

A

GENERAL

All vibration isolators and seismic restraint systems must be installed in strict accordance with
the manufacturers written instructions and all certified submittal data. At the completion of all
construction work the vibration and seismic device supplier shall inspect all installations and
provided a written report of installation compliance to the engineer of record. A copy of this
written certification shall also be provided in the operations manual provided to the owner.

Installation of vibration isolators and seismic restraints must not cause any change of position of
equipment, piping or duct work resulting in stresses or misalignment.

No rigid connections between equipment and the building structure shall be made that degrades
the noise and vibration control system herein specified.

The contractor shall not install any equipment, piping, duct or conduit which makes rigid
connections with the building unless isolation is not specified. "Building" includes, but is not
limited to, slabs, beams, columns, studs and walls.

Coordinate work with other trades to avoid rigid contact with the building.

VIBRATION CONTROL AND SEISMIC RESTRAINT
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F. Any conflicts with other trades which will result in rigid contact with equipment or piping due to
inadequate space or other unforeseen conditions should be brought to the architects/engineers
attention prior to installation. Corrective work necessitated by conflicts after installation shall be
at the responsible contractors expense.

G. Bring to the architects/engineers attention any discrepancies between the specifications and the
field conditions or changes required due to specific equipment selection, prior to installation.
Corrective work necessitated by discrepancies after installation shall be at the responsible
contractors expense.

H. Correct, at no additional cost, all installations which are deemed defective in workmanship and
materials at the contractors expense.

l. Overstressing of the building structure must not occur because of overhead support of
equipment. Contractor must submit loads to the structural engineer of record for approval.
Generally bracing may occur from:

1. Flanges of structural beams.
2. Upper truss cords in bar joist construction.
3. Cast in place inserts or wedge type drill-in concrete anchors.
J. Specification 12 cable restraints shall be installed slightly slack to avoid short circuiting the

isolated suspended equipment, piping or conduit.

K. Specification 12 cable assemblies are installed taut on non-isolated systems. Specification 13
seismic solid braces may be used in place of cables on rigidly attached systems only.

L. At locations where specification 12 or 13 restraints are located, the support rods must be braced
when necessary to accept compressive loads with specification 14 braces.

M. At all locations where specification 12 or 13 restraints are attached to pipe clevis's, the clevis
cross bolt must be reinforced with specification type 15 braces.

N. Drill-in concrete anchors for ceiling and wall installation shall be specification type 18, and
specification type 19 female wedge type for floor mounted equipment.

0. Vibration isolation manufacturer shall furnish integral structural steel bases as required.
Independent steel rails are not permitted on this project.

P. Hand built elastomeric expansion joints may be used when pipe sizes exceed 24" or specified
movements exceed specification 23 capabilities.

Q. Where piping passes through walls, floors or ceilings the vibration isolation manufacturer shall
provide specification 27 wall seals.

R. Air handling equipment and centrifugal fans shall be protected against excessive displacement
which results from high air thrust in relation to the equipment weight. Horizontal thrust restraint
shall be specification type 28.

S. Locate isolation hangers as near to the overhead support structure as possible.

VIBRATION CONTROL AND SEISMIC RESTRAINT
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3.2

VIBRATION ISOLATION AND SEISMIC RESTRAINT OF PIPING, DUCTWORK, AND
CONDUIT

Where piping connects to rotating or vibrating mechanical equipment install specification 23
expansion joints or specification 24 stainless hoses if 23 is not suitable for the service.

Seismic Restraint of Piping:

1.

7.

8.

Seismically restrain all piping listed as a, b or c below. Use specification 12 cables.

a. Fuel oil piping, gas piping, medical gas piping, and compressed air piping.

b. Piping located in boiler rooms, mechanical equipment rooms, and refrigeration
equipment rooms thatis 1 1/4" I.D. and larger.

C. All other piping 2 1/2" diameter and larger.

Transverse piping restraints shall be at 40" maximum spacing for all pipe sizes, except

where lesser spacing is required to limit anchorage loads.

Longitudinal restraints shall be at 80" maximum spacing for all pipe sizes, except where

lesser spacing is required to limit anchorage loads.

Where thermal expansion is a consideration, guides and anchors may be used as

transverse and longitudinal restraints provided they have a capacity equal to or greater

than the restraint loads in addition to the loads induced by expansion or contraction.

For fuel oil and all gas piping transverse restraints must be at 20' maximum and

longitudinal restraints at 40' maximum spacing.

Transverse restraint for one pipe section may also act as a longitudinal restraint for a pipe

section of the same size connected perpendicular to it if the restraint is installed within 24"

of the elbow or TEE or combined stresses are within allowable limits at longer distances.

Hold down clamps must be used to attach pipe to all trapeze members before applying

restraints in a manner similar to clevis supports.

Branch lines may not be used to restrain main lines.

Pipe Isolation

1.

All chilled water, condenser water, hot water, steam, refrigerant, drain and engine exhaust
piping that is connected to vibration-isolated equipment shall be isolated from the building
structure within the following limits:

Within mechanical rooms;

Within 50' total pipe length of connected vibration-isolated equipment (chillers, pumps, air
handling units, pressure reducing stations, etc.);

At every support point for piping that is greater than 4 inches in diameter.

Piping shall be isolated from the building structure by means of vibration isolators,
resilient lateral supports, and resilient penetration sleeve/seals.

Isolators for the first three support points adjacent to connected equipment shall achieve
one half the specified static deflection of the isolators supporting the connected
equipment. When the required static deflection of these isolators is greater than 1/2",
Type FSN or HSN isolators shall be used. When the required static deflection is less than
or equal to 1/2", Type FN or HN isolators shall be used. All other pipe support isolators
within the specified limits shall be either Type FN or HN achieving at least 1/4" static
deflection.

Where lateral support of pipes is required within the specified limits, this shall be
accomplished by use of resilient lateral supports.

Pipes within the specified limits that penetrate the building construction shall be isolated
from the building structure by use of resilient penetration sleeve/seals.

Provide flexible pipe connections as called for under Major Equipment above and
wherever shown on the drawings.

VIBRATION CONTROL AND SEISMIC RESTRAINT
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D. Seismic restraint of ductwork:

1.

Seismically restrain all duct work with specification 12 or 13 restraints as listed below:

a. Restrain rectangular ducts with cross sectional area of 6 sq. ft. or larger.

b. Restrain round ducts with diameters of 28" or larger.

c. Restrain flat oval ducts the same as rectangular ducts of the same nominal size.
Transverse restraints shall occur at 30' intervals or at both ends of the duct run if less
than the specified interval. Transverse restraints shall be installed at each duct turn and
at each end of a duct run.

Longitudinal restraints shall occur at 60' intervals with at least one restraint per duct run.
Transverse restraints for one duct section may also act as a longitudinal restraint for a
duct section connected perpendicular to it if the restraints are installed within 4' of the
intersection of the ducts and if the restraints are sized for the larger duct. Duct joints shall
conform to SMACNA duct construction standards.

The ductwork must be reinforced at the restraint locations. Reinforcement shall consist of
an additional angle on top of the ductwork that is attached to the support hanger rods.
Ductwork is to be attached to both upper angle and lower trapeze.

A group of ducts may be combined in a larger frame so that the combined weights and
dimensions of the ducts are less than or equal to the maximum weight and dimensions of
the duct for which bracing details are selected.

Walls, including gypsum board non bearing partitions, which have ducts running through
them may replace a typical transverse brace. Provide channel framing around ducts and
solid blocking between the duct and frame.

E. Duct Isolation:

1.

All sheet metal ducts and air plenums that are within mechanical rooms or within a
distance of 50' total duct length of connected vibration-isolated equipment (whichever is
longer) shall be isolated from the building structure by Type FN, PCF or HN isolators. All
isolators shall achieve 0.1" minimum static deflection.

Ducts within the specified limits that penetrate the building construction shall be isolated
from the building structure by use of resilient penetration sleeve/seals.

Flexible duct connections shall be provided as called for above under Major Equipment
and wherever shown on the drawings.

F. Seismic Restraint of Electrical Services:

1.

2.

3.

All electrical conduit 2-1/2" in diameter and larger shall be restrained with specification
type 12 seismic cable restraints or specification type 13 for seismic solid brace restraints.
All electrical bus ducts, cable trays and ladder trays shall be restrained with specification
type 12, seismic cable restraints or specification 13 seismic solid brace restraints.
Transverse restraints shall occur at 30' intervals or both ends if the electrical run is less
than the specified interval. Transverse restraints shall be installed at each electrical
services turn and at each end of the electric run.

Longitudinal restraints shall occur at 60' intervals with at least one restraint per electric
run. Transverse restraints for one electric section may also act as a longitudinal restraint
for a duct for an electric section connected perpendicular to it if the restraints are installed
within 4' of the intersection of the electric run and if the restraints are sized for the larger
electric run.

All rigid floor mounted equipment must have a resilient media between the equipment
mounting hole and the anchor bolt. Neoprene bushings shall be specification type 4 and
anchor bolts shall be specification type 18 or 19.

Wall mounted panels shall be mounted with specification type 3 bushings. Floor mounted
panels shall be mounted on specification type 4 bushings. Anchor bolts shall be
specification type 18 or 19.

G. All fire protection piping shall be braced in accordance with NFPA 13 and 14.
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3.3

3.4

All mechanical equipment shall be vibration isolated and seismically restrained.
1. All fire protection equipment is considered life safety equipment and shall be seismically
restrained.

SEISMIC RESTRAINT EXCLUSIONS
Piping:

1. All piping less than 2 1/2” except for gas and fire protection piping.

2. All piping in boiler and mechanical equipment rooms less than 1 1/4" I.D.

3 All clevis or trapeze supported piping suspended from hanger rods where the point of
attachment is less than the 12" in length from the structure to the structural connection of
the clevis or trapeze.

4. All PVC and fiberglass suspended waste or vent pipe 6" in diameter and smaller.
Ductwork:

1. Rectangular, square or oval ducts less than 6 sq.ft. in cross sectional area.

2. Round duct less than 28" in diameter.

3. Duct supported by hanger rods where the point of attachment is less than 12" in length

from the structure to the structural connection of the duct work.

Electrical:
1. All conduit less than 2 1/2" diameter suspended by individual hanger rods.
2. All clevis or trapeze supported conduits suspended by hanger rods where the point of

attachment is less than 1 2" in length from the structure to the structural connection of the
clevis or trapeze.

INSTALLATION OF VIBRATION ISOLATION EQUIPMENT

General

1. Locations of all vibration isolation devices shall be selected for ease of inspection and
adjustment as well as for proper operation.

2. Installation of vibration isolation equipment shall be in accordance with the

manufacturer's instructions.

Isolators

1. All vibration isolators shall be aligned squarely above or below mounting points of the
supported equipment.

2. Isolators for equipment with bases shall be located on the sides of the bases which are
parallel to the equipment shaft unless this is not possible because of physical constraints.

3. Locate isolators to provide stable support for equipment, without excess rocking.

Consideration shall be given to the location of the center of gravity of the system and the
location and spacing of the isolators. If necessary, a base with suitable footprint shall be
provided to maintain stability of supported equipment, whether or not such a base is
specifically called for herein.

4. If a housekeeping pad is provided, the isolators shall bear on the housekeeping pad and
the isolator base plates shall rest entirely on the pad.
5. Hanger rods for vibration-isolated support shall be connected to major structural

members, not the floor slab between major structural members. Provide suitable
intermediate support members as necessary.

6. Vibration isolation hanger elements shall be positioned as high as possible in the
hanger rod assembly, but not in contact with the building structure, and so that the hanger
housing may rotate a full 360° about the rod axis without contacting any object.

VIBRATION CONTROL AND SEISMIC RESTRAINT
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10.

1.

C. Bases

3.

Parallel running pipes may be hung together on a trapeze that is isolated from the
building. Isolator deflections must be the greatest required by the provisions for pipe
isolation for any single pipe on the trapeze. Do not mix isolated and unisolated pipes on
the same trapeze.

Pipes, ducts and equipment shall not be supported from other pipes, ducts and
equipment.

Resiliently isolated pipes, ducts and equipment shall not come in rigid contact with the
building construction or rigidly supported equipment.

The installed and operating heights of equipment supported by Type FSNTL isolators or
with Type RC-2 isolation bases shall be identical. Limit stops shall be out of contact
during normal operation. Adjust isolators to provide 1/4" clearance between the limit
stop brackets and the isolator top plate, and between the travel limit nuts and travel limit
brackets.

Adjust all leveling bolts and hanger rod bolts so that the isolated equipment is level and in
proper alignment with connecting ducts or pipes.

No equipment unit shall bear directly on vibration isolators unless its own frame is suitably
rigid to span between isolators and such direct support is approved by the equipment
manufacturer. This provision shall apply whether or not a base frame is called for on the
schedule. In the case that a base frame is required for the unit because of the equipment
manufacturer's requirements and is not specifically called for on the equipment schedule,
a base frame recommended by the equipment manufacturer shall be provided at no
additional expense.

Unless otherwise indicated, there is to be a minimum operating clearance of 1" between
steel rails, steel frame bases or inertia bases and the floor beneath the equipment. The
isolator mounting brackets shall be positioned and the isolators adjusted so that the
required clearance is maintained. The clearance space shall be checked by the
Contractor to ensure that no construction debris has been left to short circuit or restrict the
proper operation of the vibration isolation system.

Isolation bases shall be installed in strict accordance with the manufacturer’s instructions.

D. Flexible Duct Connections:

1.

Prior to installation of the flexible connection, sheet metal ducts and plenum openings
shall be squarely aligned with the fan discharge, fan intake, or adjacent duct section, and
the gap between connected parts shall be uniform. Flexible duct connections shall not be
installed until this provision is met. There shall be no metal-to-metal contact between
connected sections, and the fabric shall not be stretched taut.

E. Flexible Pipe Connections:

1.

Install flexible pipe connections in strict accordance with the manufacturer's instructions.

F. Thrust Restraints:

1.

Thrust restraints shall be attached on each side of the fan parallel to the thrust force. This
may require custom brackets or standoffs. The body of the thrust restraint shall not come
in contact with the connected elements. Thrust restraints shall be adjusted to constrain
equipment movement to the specified limit.

G. Grommets:

1.

Where grommets are required at hold down bolts of isolators, bolt holes shall be properly
sized to allow for grommets. The hold down bolt assembly shall include washers to
distribute load evenly over the grommets. Bolts and washers shall be galvanized.
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H. Resilient Penetration Sleeve/Seals:

1. Maintain an airtight seal around the penetrating element and prevent rigid contact
between the penetrating element and the building structure. Fit the sleeve tightly to the
building construction and seal airtight on both sides of the construction penetrated with
acoustical sealant.

END OF SECTION
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SECTION 23 08 00
COMMISSIONING OF HVAC SYSTEMS

PART 1 - GENERAL

1.01

1.03

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

ASHRAE Guideline 1-2007, HVAC&R Technical Requirements for the Commissioning Process

OPR and BoD documentation are included by reference for information only.

SUMMARY

This Section includes general requirements that apply to implementation of the commissioning
process without regard to specific systems, assemblies, and components.

Related Sections include the following:

1. Division 01 Section 019113 Commissioning General Requirements for general
commissioning process activities.

2. Division 23 Mechanical

3. Division 28 Electronic Safety and Security for interaction with fire alarm systems

DEFINITIONS

Commissioning Plan: A document, prepared by CxA, that outlines the organization, schedule,
allocation of resources, and documentation requirements of the commissioning process.

CxA: Commissioning Authority.
Quality Assurance: A program for the systematic monitoring and evaluation of the various
aspects of a system, assembly, or component to ensure that standards of quality are being met.

This is the responsibility of the CxA.

Quality Control: A system for ensuring the maintenance of proper standards in systems,
assemblies, and components. This is the responsibility of the Contractor.

Official: State or Local official having jurisdiction over the HYAC&R systems

Systems, Assemblies, Equipment, and Components: Where these terms are used together or
separately, they shall mean “as-built” systems, assemblies, equipment, and components.
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PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.01

3.02

CONSTRUCTION CHECKLISTS

The CxA shall provide Construction Checklists to the Contractors for execution that will indicate
expected Quality Control features required for a highest-quality installation. The contractor shall
complete the checklists as construction progresses and return them to the CxA as indicated in
Section 01 9113 Commissioning General Requirements.

Checklists for this section will include:

14.
15.
16.
17.

Boilers and related equipment
Chillers and related equipment
Pumps and Drives

Hot water system

Chilled water system

Air Handling Units with Energy Recovery
Rooftop Air Handling Units

Split System Air Conditioning Units
Exhaust fans and systems

Supply or make-up air systems
Unit Ventilators

Fan Powered VAV

Specialty air removal/ventilation systems (including fans, ductwork and interconnection
with air handling/supply systems)

Ductwork systems

Piping Systems

Terminal heating units ( unit heaters, reheat coils, fintube, radiant ceiling panels)
Additional Items to be added as required

A sample installation checkilist is included to show the typical scope and rigor of the process.

PREREQUISITES TO TESTING

Prior to the testing of these systems or assemblies, the Contractor shall certify that:

1.

2.

3.

The system or assembly is completely installed, functional, and documented through
checklists.

Work performed by other trades, but essential for this system or assembly’s operation, is
complete (e.g., electrical components are wired and power is provided)

All contractor-performed start-up procedures and tests are complete and documented.
Preliminary trending data provided to verify actual system operation.

The system or assembly is ready for the Owner to take beneficial use.

COMMISSIONING OF HVAC SYSTEMS
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3.03 SYSTEM OR ASSEMBLY TEST REQUIREMENTS
A. The CxA will provide Functional Performance Test procedures to the Contractor for execution
for the following specific systems, assemblies, and components:
1. Boilers and related equipment
Chillers and related equipment
3 Pumps and Drives
4 Hot water system
5. Chilled water system
6. Air Handling Units with Energy Recovery
7 Rooftop Air Handling Units
8 Split System Air Conditioning Units
9 Exhaust fans and systems
10.  Supply or make-up air systems
11.  Unit Ventilators
12. Fan Powered VAV
13.  Specialty air removal/ventilation systems (including fans, ductwork and interconnection
with air handling/supply systems)
14. Terminal heating units ( unit heaters, reheat coils, fintube, radiant ceiling panels)
15.  Building automation system
16. HVAC, Test, Adjust, and Balance
17. Additional Items to be added as required
B. Acceptance criteria and test details will be in accordance with the related sections including the
following:
1. Division 01 Section 01 9113 Commissioning General Requirements for general
commissioning process activities.
2. Division 23 Mechanical
3. Division 28 Electronic Safety and Security.
C. A sample functional performance test is included to show the typical scope and rigor of the
process.
3.04 TEST REPORTS
A. Provide copies of all reports required in the listed reference sections (see Section 1.02
SUMMARY above for the sections) for review.
3.05 SAMPLE FORMS

COMMISSIONING OF HVAC SYSTEMS
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Installation Checklist
Roof Top Unit # Serving Room/Area/Floor
Model Verification
Specified Submitted Installed
Manufacturer
Model Number
Serial Number
Inlet Size
Cool CFM / Heat
CFM
Installation Checks
ID | Description Pass/ | Comment
Fail S
Verify the unit has been installed on a roof curb. Entire length and width under
1 | base shall be sealed for additional water management protection. (15500 N
2.42D)
2 The piping cabinet shall have removable panels or optional access door of the 000
same construction as unit door. (15500 2.42H)
Verify view windows are provided for all fan section access doors and is made 000
3 | of tempered glass. (15500 2.42K)
Verify that a factory mounted light fixtures are provided in all sections of the unit
4 | that have access doors. Provide individual light switches installed adjacent to
access doors. (15500 2.42L)
5 Coils shall be removable by unbolting the wall panels in the coil section. 0 O
Connections shall be clearly labeled on the outside of units. (15500 2.420)
Verify filter section shall have filter racks, an access door for filter removal and
6 | block offs as required to prevent air bypass around filters. Units shall be
supplied with 4” flat and 12" cartridge bag filters. (155500 2.42P)
Verify factory wired disconnect switches for each fan (VSDs are to be mounted
7 | in the building not within the rooftop unit). Also provide factory wired lights and
GFI receptacles (two per unit). (15500 2.42V)
8 Provide smoke rated damper assembly for both supply and return air openings
for RTU-1, 7 and 9. (15500 2.42W)
9 Provide isolation damper assemblies for both supply and return air openings for 0 O
all rooftop units except RTU-1, 7 and 9. (15500 2.42X)
Verify the following piping components have been installed in the direction of
flow for the CW/HW supply: (M4-2-0)
a. Thermometer
10 b. Butterfly Valve O g
c. Strainer with hose end drain valve with cap and chain.
d. Union
e. ¥ Hose end drain valve with cap and drain.
Verify the following piping components have been installed in the direction of
flow for the CW/HW return: (M4-2-0)
a. Automatic Air Vent
11 b. Union O O
c. 2-Way Control Valve
d. Union
e. Butterfly Valve with Memory Stop
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f.  Thermometer
Approvals (only one required)
Name (printed neatly) Sighature Date

Contractor/Manuf. Rep.

Engineer

Construction Administrator

Commissioning Agent

Sample Functional Performance Test

Heat Recovery Rooftop Unit — ERV-2

. Participants

Name/Representing Participation (Testing, Witness, etc)

/

/

/

S N

o

Party filling out this form Date of test
Prerequisite Checklist

] A completed and approved balancing report has been provided.
] An as-built version of the controls submittal has been provided.

] The controls contractor has certified that their internal commissioning is complete and the
project is ready for third-party verification. CC initials: . Date:

[] The general contractor has certified that the construction is substantially complete and ready

for third-party verification. GC initials:

e. [] Record all values for setpoints, control parameters, limits, delays, lockouts,

. Date:

schedules, etc., that have been changed to accommodate testing:

Returned Returned
Parameter Pre-Test to Pre- Parameter Pre-Test to Pre-
Values Test Values Test

Values Values
Occupied space Unoccupied space
temperature heating ] temperature heating ]
setpoint setpoint
Occupied space Unoccupied space
temperature cooling ] temperature cooling ]
setpoint setpoint
Frost Control Occupied low space
temperature alarm ] temperature alarm ]
setpoint setpoint
Occupied/Unoccupi ] Occupancy Schedule ]
ed mode
Sﬁfn“ig:gdsiﬁ’ggﬁn O Low Limit Switch SP O

[] []
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3. Sensor Calibration Checks. The sensors listed below are to be checked for calibration and

adequate location.

Locati BAS | Measur | Pas Locati BAS | Measur | Pas
Sensor on Valu ed S Sensor on Valu ed S
ok! e Value | Y/N ok! Value | Y/N
Outside air WDAT
temperatur Y /N Y/N (CLT) - Y /N Y/N
€ avg
Space
temperatur Y /N Y/N DAT - avg. Y /N Y/N
e
Discharge
RAT - avg. Y/N Y/N Air Y/N Y/N
Humidity

! Sensor location is appropriate and away from causes of erratic operation.

Comments:

4. Device Calibration Checks. The actuators or devices listed below are to be checked for proper
operation and/or calibration.

Site
Device or Actuator Procedure / State BAS Value | Observatio PYa/?\lS
n
1. Observe OA damper
Outside air damper / actuator modulating in unison with RA Y/N
and EA damper.
1. Observe EA damper
Exhaust air damper / actuator modulating in unison with RA Y/N
and OA damper.
Stop Y/N
Exhaust air fan status
Start Y /N
1. Observe during outside air
damper testing. Return air
Return air damper / actuator damper should operate Y /N
inversely with the outside air
damper.
) 1. Stop /Status Y/N
Supply air fan and status
2. Start /Status Y/N
. 1. Off Y/N
Electric Duct Heat
2.0n Y/N
Stop Y/N
Heat Recovery Wheel
Start Y/N
H/C Valve Fail Position Y /N
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Site Pass
Device or Actuator Procedure / State BAS Value | Observatio Y/N
n
1. Observe OA damper
Outside air damper / actuator modulating in unison with RA Y /N
and EA damper.
1. Observe EA damper
Exhaust air damper / actuator modulating in unison with RA Y /N
and OA damper.
Stop Y /N
Exhaust air fan status
Start Y/N
50 % Open
100 % Open
Low Limit Switch Trip Y/N
5. Notes
6. Functional Testing Record
Se
Test Procedure Pass
IqD Mode 1D (including special conditions) Expected Response Y/N Notes
1. Command the unit to the The outside air dampers
unoccupied mode through will be closed. The
the BAS. return air damper will be
open 100%. Observe
fail position of DTW
2. When the wunit is in the (HCV) valve. The
unoccupied mode command heating unit will cycle to
the unoccupied space the unoccupied set point
temperature heating setpoint of 60deg (adj). The
to 5°F above the current supply air fan will be off.
UNOCC - ) .
UPIED average space temperature. This is the “shutdown
MODE mode for the unit.
; 3. When the wunit is in the
Vacatio . ; ;
1 ( n unoccupied mode command The outside air dampers Y/N
Periods the  unoccupied  space will remain closed. The
only) temperature heating setpoint return air damper will
y to 5°F below the current remain open.  The
average space temperature. supply air fan will be on.
The heating module will
Note: This may not be set up, as start.
no sequence was provided.
The heating module will
be de-energized. The
supply air fan will stop.
The unit will return to
shutdown mode.
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Se Mode ID Test Procedure E ted R Pass Not
IqD ode (including special conditions) xpected Response Y/N otes
The supply air fan will
start. The outside, return
and exhaust air
dampers will modulate
to maintain a minimum
discharge air
1. Command the unit to temperature setpoint of
occupied mode. 53° F at sensor CLT.
OCCUPI Heat wheel speed will
ED control at this setpoint.
MODE | 2. When the unitis in the
HEATIN occupied mode adjust the The supply air fan will
3 G space temperature heating remain on line. The Y/N
(SYSTE setpoint to 5°F above the outside, return and
M current space temperature. exhaust air dampers will
INDEXE continue modulating.
DTO Note: If system is not indexed to The DTW (HCV) will
HEAT) | heating mode DTW (HCV) valve modulate to heat the

will remain closed.

space until the setpoint
is satisfied. Discharge
air  temperature is
limited to 55 to 80 Deg
F.
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Se Test Procedure Pass
IqD Mode 1D (including special conditions) Expected Response Y/N Notes
1. Note: May not apply not | 1. The supply air fan will
specified in sequence of remain on. The outside,
operation. return and exhaust air
dampers will modulate
2. When the unit is in the to provide more outside
occupied mode override the air, in a d|re_ct action
outside air temperature to control  algorithm, to
48°F. Command the space maintain the mlxed air
temperature Occupied temperature SetpOlnt of
cooling setpoint to 5°F above 55 degrees. If the
OCECDUPI temperature  and  the met then the DWT
MODE occupied heating setpoint to (H%V)I valve  will
ECONO 5°F below the current space modulate open to met
MIZER temperature. Command the space setpoint.
4 (COOLI mixed air  temperature 5 Th e i Y/N
NG setpoint to 5°F below the | rerre1aisnugg yTerl]I(re O?J?Si\év(lé
MODE current mixed ar return and relief ai}
INDEXE trﬁsggratu;ei:r. C(iganpaenrgutjr;g dampers will modulate
D . .
) setpoint to 5°F above the f’ﬁr pri(r)]vu;e cliie;zsct O;:i:gﬁ
current mixed air ’ :
temperature. con_troll algorlthm, to
maintain the mixed air
temperature setpoint.
3. Command the mixed air
temperature setpoint to 5°F
above the current mixed air
temperature.
1. The heat recovery wheel
HEAT is rotating with the exhaust
RECOV . air passing thru the wheel
5 ERY 1. Normal operation and the OA passing thru the YIN
MODE wheel to warm air or cool
air. No air is bypassing
wheel
OCCUPI 1. DTW (HCV) will modulate
ED . . and electric heater will stage
DEHUMI L \é\(l)gﬂnsyztgg]t;‘nedsexsetgé?is in |on and off to maintain space
DIFICAT occup?ed mode Igwer space setpoint. This is the only
6. ((:|8ng humidity setpoint (629) 10% | forcion  of - the electric | v/
NG lower. '
MODE > Return to normal 2. DTW valve will return to
INDEXE ' ' normal control and the
D ONLY) electric heater will stage off.
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Se Test Procedure Pass
IqD Mode 1D (including special conditions) Expected Response Y/N Notes
OCCUPI | 1. With the system in occupied | 1. The heat wheel increase
ED mode, lower space temperature | speed to shed return air
COOLIN | setpoint (75) as sensed by TR, 5 | heat and the DWT (HCV)
G Deg F. lower than current space | valve will modulate open to
7. (COOLI | temperature. maintain new space | Y/N
NG setpoint. DAT shall never
MODE | 2. Return to normal. drop below 55 Deg. F. Allow
INDEXE time for control to stabilize.
D)
1. With the unit running, raise the | 1. Observe heat wheel slow
frost control setpoint as sensed [ to raise  exhaust air
at TF, 5 Deg F higher than | temperature to high setpoint.
FROST current exhaust air temperature. .
8 CONTR . 2. Observe low exhaust air Y/N
' 2. Reset alarm time delay for | alarm at BAS.
oL ;
exhaust air temperature to 2
minutes.
3. Return all to normal.
1. The unit will shut down,
FREEZE 1. With the unit running in the and all dampers will go to
occupied mode, trip the low limit | their fail state, and DTW
STAT A
ALARM thermostaf[ located upstream of (HCV). valve will fail open to
9. AND the HC coil. the coil. The BAS will Y/N
indicate a freeze alarm.
SHUTD
OWN 2. Manually reset the freeze
alarm at the BAS. 2. The unit will start in
occupied mode.
1. With the unit operating,
decrease the dirty filter alarm
DIRTY delay time to 2 minutes, and then
AIR Y S, anc 1. Check that the BAS
10 gently pump up the high side of Y/N
FILTER the filter DP alarms.
ALARM '
2. Return to normal.
SUPPLY
AIR FAN | 1. With the unit running in the | 1. The unit will go to its
8 ALARM | occupied mode, stop the supply | shutdown mode. The BAS Y/N
AND air fan by turning it off at its | will indicate a supply air fan
SHUTD | starter. status alarm.
OWN
EXHAUS . . Lo 1. The unit will go to its
T FAN L. W'Fh the unit running in the shutdown mode. The BAS
9 occupied mode, stop the exhaust | = .~ " Y/N
SHUTD . ) will indicate an exhaust fan
fan by turning it off at its starter.
OWN status alarm.
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Se

ID

Mode ID

Test Procedure

(including special conditions)

Expected Response

Pass
Y/N

Notes

11

TRENDS

Set the following points for 15

O~NO O, WNPE

minute trend samples and
review in 48 hours:

. Space temperature.

. Supply air fan status.

. Exhaust air fan status

. Mixed air temperature.

. Outside air temperature.

. Mixed air damper position
. Room Humidity

. Supply Air Temperature

Trend Data

-- END OF TEST --

END OF SECTION 230800
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SECTION 260000

ELECTRICAL
(Filed Sub-Bid Required)

PART 1 - GENERAL

1.1

1.2

A

GENERAL PROVISIONS

Attention is directed to the CONTRACT AND GENERAL CONDITIONS and all Sections within
DIVISION 01 - GENERAL REQUIREMENTS which are hereby made a part of this Section of
the Specifications.

Examine all other Sections of the Specifications for requirements that affect work of this Section
whether or not such work is specifically mentioned in this Section.

Coordinate work with that of all other trades affecting, or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.
GENERAL REQUIREMENTS

The Conditions of the Contract and General Requirements of the Project Manual apply to
Section 260000 Sub-Bid Contractor, material suppliers, and all other persons furnishing labor
and materials under this Section. General Conditions, Supplementary General Conditions, and

applicable parts of Division 1 are included as part of this Section.

Examine all Project Specifications and Drawings for requirements which affect work of this
Section whether or not such work is specifically mentioned in this Section.

Refer to Section 012300 for ALTERNATES which may affect the work of this Section.

Coordinate work with that of all other trades effecting or affected by work of this Section.
Cooperate with such trades to assure the steady progress of all work under the Contract.

The following definitions apply to the Drawings and Specifications:

1. Furnish: The term “furnish” is used to mean “supply and deliver to the Project site, ready
for unloading, unpacking, assembly, installation, and similar operations.
2. Install: The term “install” is used to describe operations at project site including actual

“unloading, unpacking, rigging in place, assembly, erection, piecing, anchoring, applying,
working to dimension, finishing, curing, protecting, cleaning, and similar operations”.

3. Provide: The term “provide” means to “furnish and install, complete and ready for the
intended use”.
4. Installer: An “installer” is the Contractor or an entity engaged by the Contractor, either as

an employee, Subcontractor, or Sub-Subcontractor for performance of a particular
construction activity, including installation, erection, application, and similar operations.
Installers are required to be experienced in the operations they are engaged to perform.

5. Conduit: Raceways of the metallic type which are not flexible. Specific types as
specified.
6. Connect: To wire up, including all branch circuitry, control and disconnection devices so

item is complete and ready for operation.

ELECTRICAL
260000 - 1
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1.3

7. Subject to Mechanical Damage: Equipment and raceways installed exposed and less
than eight feet above finished floor in mechanical rooms or other areas where heavy
equipment may be in use or moved.

When open-flame or spark producing tools such as blower torches, welding equipment, and the
like are required in the process of executing the work, the General Contractor shall be notified
not less than twenty four hours in advance of the time that the work is to begin and the location
where work is to be performed. Provide fire protective covering and maintain constant non-
working fire watch where work is being performed and until it is completed.

"Furnish and install, removing when no longer needed, all temporary lifts, hoists, staging,
scaffolding, rigging, labor and materials, and temporary support to perform all operations in
connection with the installation of this work." Coordinate with Division 1.

SUMMARY OF WORK

Work described herein shall be interpreted as work to be done by the Electrical Subcontractor.
Work to be performed by other trades will be referenced to a particular contractor or
subcontractor.

Provide all labor, materials, tools, and equipment, to complete the installation of the electrical
system. Install, equip, adjust, and put into operation the respective portions of the installation
specified, and so interconnect various items or sections of work in order to form a complete and
operating whole. Systems may be referenced in singular or plural terms, also refer to drawings
to confirm quantities. The work shall consist of, but shall not necessarily be limited to, the

following:
1. Primary, secondary, and low tension ductbanks, manholes, handholes, etc.
2. Secondary distribution equipment, including secondary switchboard, metering, motor

controls, variable frequency drives, dry-type transformers, distribution panels, including
feeders and subfeeders.

3. Fire alarm system, addressable type.

4. Emergency power system, including diesel fired emergency generator, emergency
lighting and exit signs.

5. Lighting systems exterior and interior, including lamps, fixtures, controls, etc.

6. All raceway systems, including boxes, couplings, and fittings.

7. All branch circuit wiring systems, including wiring devices, plates, etc.

8. Connections for all building equipment, including mechanical, plumbing, fire protection,

elevators, owner furnished equipment, and the like.

9. Core drilling for electrical conduit systems and equipment in accordance with Section
017320 — Cutting and Patching.

10.  Cutting through non-masonry construction in accordance with Section 017320 — Cutting
and Patching.

11.  Systems Identification.

12.  Scaffolding, rigging, and staging required for all electrical work in accordance with
Section 015000 — Temporary Facilities and Controls.

13.  All through-penetration firestopping required by this Section shall be provided by the
Electrical Contractor in accordance with Division 07, Section 078400 “Firestopping”.
Refer to architectural drawings for surfaces to be fireproofed.

14. Provide Seismic Restraints for all Electrical Systems conforming to the requirements of
Section 23 05 48 which Section is herein incorporated by reference. Provide all work as
required.

15.  Coordination Drawings.

ELECTRICAL
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1.4

1.5

16.

17.
18.
19.
20.
21.
22.
23.

24,
25.

26.

27.
28.
29.
30.
31.

Communications system provisions including cable tray, 120 volt sources, outlet boxes

and raceway system, grounding, firestopping, etc. for voice, data, cable TV, paging,

intercom, local sound systems, clock, etc. as required and as specified in Section

270010.

Alternates affecting this section.

Automated Lighting Control System (digital addressable).

Company switches

Commissioning requirements per Section 018100.

Scoreboards and Shot Clocks.

Lightning Prevetnor System.

Furnish access doors and frames in accordance with Section 083100 — Access Doors

and Frames.

Sealing of all penetrations through walls, slabs, partitions, which are not fire rated.

Install Stage Dimming and Theatrical lighting system, furnished by Stage Lighting/Rigging

Contractor under Section 110640. Provide all conduit, both low and high voltage, high

voltage wire and terminations. Refer to equipment shown on TL series drawings.

a. Provide all conduit, both control and high voltage, high voltage wire and
terminations for motorized batten hoists over the audience seating area. Batten
hoists furnished and installed by Section 110640 contractor. Refer to equipment
shown on TR drawings.

b. Provide all conduit, both control and high voltage, high voltage wire and
terminations for ten(10) motorized batten hoists over the stage area. Batten hoists
furnished and installed by Section 110640 contractor. Refer to equipment shown
on TR drawings.

C. The matrix of responsibilities indicated in Paragraph 2.27 is intended as a guide for
delineating the work between the Electrical Contractor and the Stage
Lighting/Rigging Contractor, Section 110640.

d. Receive and store dimming system equipment supplied by the Section 110640
Contractor.

Sustainable Design Intent: Comply with project requirements measured and documented

according to the Collaborative for High Performance Schools — Massachusetts. Project

scores will be verified by a third party certifier.

a. Refer to section 018113 — Sustainable Design Requirements, for material,
procedure, and documentation submittal requirements.

All testing of equipment installed.

Any other item of work hereinafter specified or indicated on electrical drawings.

Provisions only for a 60kw photovoltaic system as indicated on drawings.

TV Studio dimming control and lighting system.

Disconnect services and make existing building safe for demolition by general contractor.

ITEMS TO BE FURNISHED ONLY

Furnish the following items for installation under designated sections.

1.
2.

Duct smoke detectors with sampling tube: Section 230000 - HVAC.
Access Panels: Section 083100 — Access Doors and Frames.

ITEMS TO BE INSTALLED ONLY

Install the following items furnished under designated sections.

1.

2.

Theatre Dimming Equipment: Section 110640 — Theater Equipment and as shown on TL
drawings.

Specialty Backboxes for Communications System, i.e; Speakers, etc.: Section 270000 —
Communications.

ELECTRICAL
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1.6 RELATED WORK
A. The following related work is to be performed under designated sections.

1.7

1.8

1. Temporary Controls — SECTION 015000 — TEMPORARY FACILITIES AND CONTROLS.
2. Excavation and Backfill:  DIVISION 31 — EARTHWORK (except within building
foundation).

3. Precast Bases, Concrete Pads and Duct Envelopes: DIVISION 03 - CONCRETE.

4, Insulation - SECTION 072100 — THERMAL INSULATION

5. Finish Painting: SECTION 099000 - PAINTING.

6. Temporary light and power including payment for energy used shall be by General
Contractor. Refer to section 015000-Temporary Facilities and Controls.

7. Automatic Temperature Control: SECTION 230000 - HEATING, VENTILATING, AND
AIR CONDITIONING.

8. Door Hardware: SECTION 087100 - DOOR HARDWARE.

9. Communications  System Wiring and Equipment: SECTION 270000 -

COMMUNICATIONS

10. Commissioning: SECTION 018100 — COMMISSIONING

11.  Cutting and patching in masonry construction, and associated lintels: Section 017320 —
CUTTING AND PATCHING.

12.  Patching of non-masonry construction: Section 017320 — CUTTING AND PATCHING

13. Installation of access doors and frames: Section 083100 — ACCESS DOORS AND
FRAMES.

14.  Audio Visual Systems wiring and equipment: Section 274100.

15.  Auditorium/Stage Dimming Equipment and Theatrical lighting: Section 110640.

CONTRACT COST BREAKDOWN

Submit a breakdown of contract price to aid Architect in determining value of work installed as
job progresses.

INSPECTION OF SITE

Electrical bidders will be permitted to inspect site. Failure to inspect existing conditions or to
fully understand work which is required shall not excuse Electrical Subcontractor from his
obligations to supply and install work in accordance with specifications and the drawings and
under all site conditions as they exist.

CONTRACTOR'S REPRESENTATIVE

Retain a competent representative on the project.

COOPERATION

Work shall be carried on under usual construction conditions, in conjunction with other
contractors work. Cooperate with other contractors, coordinate work and proceed in a manner
as not to delay progress.

Before proceeding, examine all construction drawings and consult other contractors to
coordinate installation and avoid interference.

ELECTRICAL
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C.

In case of dispute, the Architect will render a decision in accordance with General and
Supplementary General Conditions.

CODES, ORDINANCES, AND PERMITS

Codes and Ordinances:
1. All material and work provided shall be in accordance with the following codes and
standards as most recently amended.
Commonwealth of Massachusetts Building Code, 8" Edition
Massachusetts Electric Code, 2011 Edition
State Department of Public Safety
NFPA 101 "Life Safety Code"
NFPA Standards
Standards of the Underwriters Laboratories (UL)
Occupational Safety and Health Act (OSHA)
Americans with Disabilities Act (ADA)
Energy Conservation Code
Town of Concord
2. Where contract documents indicate more stringent requirements than codes, the contract
documents shall take precedence.

Permits: Be responsible for filing documents, and securing of inspection and approvals. Pay all
permit fees.

Utility Company backcharges for permanent service will be paid directly by the Owner. Costs
related to temporary service will be paid by General Contractor as noted in Section 015000.
Refer to INSTRUCTIONS TO BIDDERS AND SUPPLEMENTARY GENERAL CONDITIONS.
ELECTRICAL ROOMS OR SPACES

Be responsible for ensuring that the dedicated space and clearances required in the NEC,
Sections 110-16 and 110-26 are maintained for all electrical equipment.

Call other contractors' attention to the requirements contained in the above mentioned code
sections, prior to the installation of equipment by other contractors, in order to ensure no
violations.

SUBMITTALS

General: Refer to Section 013300 — Submittal Procedures for general requirements for submittal
of product data, shop drawings and other materials for review by the Architect and their

Consultants.

Provide submittals for all products and systems specified herein or specified under other
sections but furnished under this section, i.e. access panels.

Submit the following samples:

1. Lighting fixtures as may be requested.
2. Other items as may be requested.
ELECTRICAL
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1.14 GUARANTEE
A. All parts of the work shall be guaranteed for a period of one (1) year from the date of

acceptance of the job by Owner. If during that period of general guaranty, any part of the work
fails, becomes unsatisfactory, or does not function properly due to any fault in material or
workmanship whether or not manufactured or job built, the Owner shall upon notice from owner
promptly proceed to repair or replace such faulty material or workmanship without expense to
owner, including cutting, patching, and painting, or other work involved, and including repair or
restoration of any damaged sections of the premises resulting from such faults.

In the event that a repetition of any one defect occurs indicating the probability of further failure
and which can be traced to faulty design, material, or workmanship, then repair or replacement
shall not continue to be made but the fault shall be remedied by a complete replacement of the
entire defective unit.

In addition to the general guaranty, obtain and transmit to owner any guaranties or warranties
from manufacturers of specialties, but only as supplementary to the general guaranty which will
not be invalidated by same.

ELECTRICAL CHARACTERISTICS

In general, and unless specifically indicated otherwise, all building service, heating, ventilating,
air conditioning, and plumbing equipment shall be of the following characteristics:

1. Motors up to and including 1/3 HP shall be suitable for 120 volts, one phase operation.
2. Motors larger than 1/3 HP shall be suitable for 480 volts, three phase operation.
3. Electric heating equipment 4 KW and less shall be suitable for 277 volt single phase

operation. Over 4 KW shall be 480 volt three phase.
Power Factor: All equipment provided rated greater than 1,000 watts and lighting equipment
greater than 15 watts with an inductive reactance load component shall have a power factor of
not less than 90% under rated load conditions.

TEMPORARY & POWER

Refer to Section 015000 — Temporary Facilities and Controls.

INSPECTIONS AND TESTS

Inspection: If inspection of materials installed shows defects, such defective work, materials,
and/or equipment shall be replaced and inspection and tests repeated.

Tests: Make reasonable tests and prove integrity of work and leave electrical installation in
correct adjustment and ready to operate. All panels and switchboards shall have phases
balanced as near as practical. A consistent phase orientation shall be adhered to at all
terminations.

ELECTRICAL
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1.18

A

1.20

1.21

ENERGY REBATE PROGRAM

This project has been designed to incorporate equipment approved for energy rebate such as
fixtures, ballasts and lamps. Provide unit prices for each fixture type scheduled to be part of
Rebate Program. Assist the Owner in filling out CMLP rebate applications. Provide fixture cut
sheets, quantities and controls along with required drawings and information required to
complete the Utility Company rebate.

COMMUNICATIONS SYSTEMS

This contractor shall work closely with the Communications Contractor to assure a first class
installation. Coordinate all back boxes and conduits required prior to installations. In general,
the electrical contractor shall provide conduits from outlets to accessible ceiling space.

Responsibilities of the Electrical Sub-Contractor: The Electrical Contractor shall be responsible
for furnishing and installing all related system provisions including, but not limited to: 120 volt
power, cable trays, conduits with bushings, conduit stubs with bushings, sleeves with bushings
(all conduits, stubs, sleeves, etc., shall be brought to an accessible ceiling of the same floor),
backboxes, plaster rings, pull strings, bonding, grounding, etc., for a completely operational
system, as specified. Specialty backboxes will be furnished by Section 270000 and installed
under this section.

Responsibilities of the Communications System Contractor (Section 270000): The
communications contractor will be responsible for furnishing, installing, wiring, programming,
troubleshooting, training and warranty service of all communications cabling, outlets and
equipment, for complete operational systems.

COORDINATION DRAWINGS

General: Refer to Section 013100 - Project Management and Coordination for general
requirements for the preparation and submittal of coordination drawings.

Coordination requirements specific to the Work of this Section include the following:

1. Before materials are purchased or work is begun, prepare and submit to the Architect,
Coordination Drawings showing the size and location of all equipment and piping lines,
pull boxes, etc. relevant to the complete system. Ensure that these Drawings are
compatible and correctly annotated and cross-referenced at their interfaces.

RECORD DRAWINGS

Refer to Section 017830 — Project Record Documents for general requirements for maintenance
as-built drawings and submitting final reproducible record documents.

Record Drawings for the Work of this Section shall include the following:

1. Provide two (2) sets of black or blue line on white drawings to maintain and submit record
drawings, one set shall be maintained at site and which shall be accurate, clear, and
complete showing actual location of all equipment as installed. Record drawings shall be
updated at least monthly. Record drawings shall show outlet from which homeruns are
taken, and location of all junction boxes and access panels. These drawings shall be
available to Architect/Engineer field representative.

ELECTRICAL
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2. Any addenda sketches and supplementary drawings issued during course of construction
shall be attached to drawings.

1.22 OPERATING INSTRUCTIONS AND MAINTENANCE MANUALS

A. General: Refer to Section 017700 — Close Out Procedures for general requirements for
submittal of operations and maintenance manuals, training of personnel and related closeout

procedures.
B. Closeout procedures specific to the Work of this Section include the following:
1. Operating Instructions: Furnish operating instructions to Owner's designated

representative with respect to operations, functions and maintenance procedures for
equipment and systems installed. Cost of such instruction up to a full three (3) days of
Electrical Subcontractor's time shall be included in contract. Cost of providing a
manufacturer's representative at site for instructional purposes shall also be included.

2. Maintenance Manuals:
a. At completion of the project, provide four copies of complete manuals containing
the following:

1) Complete shop drawings of equipment.
2) Operation description of systems.
3) Names, addresses, and telephone numbers of suppliers of systems.
4) Vendors' P.O. numbers for equipment installed.
5) Preventive maintenance instructions for systems.
6) Spare parts list of system components.
b. All information shall be in one binder.

1.23 ALTERNATES
A. Refer to Section 01 23 00 for Alternates affecting this section.

B. Include in your bid a separate price for amounts to be added or deducted from base bid amount
for the following areas of electrical work:
1. Alternate No. 4 — To be determined.

1.24 PHASING, DEMOLITION AND MAINTAINING EXISTING SERVICES

A. Demolition of Existing Electrical Work:
1. Disconnect all existing materials, fixtures and equipment indicated to be salvaged.
2. Disconnect and cap all existing electrical lines from building as indicated on drawings.

Notify General Contractor when existing fixtures, materials, equipment and other features are
ready for removal, salvaging, and disposal under Section 024119 - Demolition.

ELECTRICAL
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1.25 QUALITY ASSURANCE
A. Sustainable Goals: The Architect has designed the project to meet the Owner’s sustainable

1.26

A

1.27

A.

goals. Products and systems have been specified which meet certain third-party evaluations or
have particular VOC and source requirements. Evaluation of products proposed for substitution
will be evaluated based on the Owner’s sustainable goals and other criteria included in Division
1. The Contractor is encouraged to use sustainable construction practices, means and
methods. Unless specifically stated in a specification section, no sustainable design
documentation is required of this Contractor.

SUSTAINABLE DESIGN INTENT

Comply with project requirements intended to achieve the required minimum score, measured

and documented according to the Collaborative for High Performance Schools -

Massachusetts. Project scores will be verified by a third party certifier.

1. Refer to section 018113 — Sustainable Design Requirements, for material, procedure,
and documentation submittal requirements.

RETURN AIR PLENUM

All wiring systems in areas above hung ceilings that are return air plenums shall either be in
conduit or shall be UL Listed Plenum rated cable.

PART 2 - PRODUCTS

2.1

A.

GENERAL

Product specifications are written in such a manner so as to specify what materials may be
used in a particular location or application and therefore do not indicate what is not acceptable
or suitable for a particular location or application. As an example: non-metallic sheathed cable
is not specified; therefore, it is not acceptable.

For purpose of establishing a standard of quality and not for purpose of limiting competition, the
basis of this Specification is upon specified models and types of equipment and materials, as
manufactured by specified manufacturers.

In all cases, standard cataloged materials and systems have been selected. Materials such as
lighting fixtures specially manufactured for this particular project and not part of a
manufacturers' standard product line will not be acceptable. In the case of systems, the system
components shall be from a single source regularly engaged in supplying such systems. A
proposed system made up of a collection of various manufacturers' products will be
unacceptable.

Where Specifications list manufacturers' names and/or "as approved" or "Equal approved by
Architect", other manufacturers' equipment will be considered if equipment meets Specification
requirements and has all features of the specified items as are considered essential by
Architect.

All material shall be new and shall be UL listed.

ELECTRICAL
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22

A

RACEWAYS AND FITTINGS

Raceways - General:

1.

10.

11.

12.

No raceway shall be used smaller than 3/4" diameter and shall have no more than four
(4) 900 bends in any one run, and where necessary, pull boxes shall be provided. Only
rigid metal conduit or intermediate metal conduit is allowed for slab work. Cable systems,
if allowed to be used by other sections of this specification, shall not be used exposed or
in slabs, whether listed by "UL" for such use or not.

Rigid metal conduit conforming to, and installed in accordance with, Article 344 shall be
heavy wall zinc coated steel conforming to American Standard Specification C80-1 and
may be used for service work, exterior work, slab work, and below grade level slab, wet
locations, and in mechanical rooms for drops down to equipment from elevations below
eight feet and also where raceway may be subject to mechanical damage.

Intermediate metal conduit conforming to, and installed in accordance with, Article 342,
may be used for all applications where rigid metal conduit is allowed by these
specifications.

Electrical Metallic Tubing (EMT), conforming to, and installed in accordance with, Article
358 shall be zinc coated steel, conforming to industry standards, may be used in
masonry block walls, stud partitions, above furred ceilings, where exposed but not
subject to mechanical damage, and may be used for fire alarm work.

Surface metal raceways conforming to, and installed in accordance with, Article 386 may
be used only where raceways cannot be run concealed, and then, if only specifically
approved.

Flexible metal conduit shall be used for final connections to recessed lighting fixtures
from above ceiling junction boxes and for final flexible connections to motors and other
rotating or vibrating equipment. Liquid tight flexible metal conduit shall be used for the
above connections which are located in moist locations. All flexible connections shall
include an insulated grounding conductor.

Rigid non-metallic conduit may be used for underground electric and telephone services
outside the foundation wall and also below slab and shall be polyvinyl chloride (PVC)
schedule 40, 900C. Rigid metal conduits shall be used thru-foundation walls and thru-
slab. Below slab conduits do not require concrete encasement.

PVC Schedule 40 may be used for below slab for feeders and circuits within building
confines. Below slab rigid non-metallic conduits do not require concrete encasement.
Rigid non-metallic conduits may be used for below slab feeders and branch circuits, but
shall not be used in slabs, nor for elbows which penetrate slabs. Raceways and fittings
shall be produced by same manufacturer.

PVC schedule 40 may be used for underground branch circuits and feeders outside the
foundation wall.

Acceptable manufacturers:

Pittsburgh Standard Conduit Company

Republic Steel and Tube

Youngstown Sheet and Tube Company

Carlon

Electrical non metallic tubing (ENT) conforming to an installed in accordance with Article
362 and conforming to industry standards may be used for A/V and Tel/Data provisions
where concealed.

a. Acceptable manufacturers
1) KWIKON
2) Carlon
3) Plastic Trends
4) Or Equal
Fittings:
a. Provide insulated bushings on all raceways 1 inch diameter or larger.
b. Manufacturer's standard fittings shall be used for raceway supports.
ELECTRICAL
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C. Expansion Fittings: Expansion fittings shall be used where structural and concrete
expansion joints occur and shall include a ground strap. Bond separate buildings
in accordance with code.

d. Couplings for rigid metal and intermediate metal conduit shall be threaded type.

e. Threadless fittings for EMT shall be watertight compression type or set-screw type
(dry-locations). All fittings shall be concrete tight. No diecast fittings allowed
except for raceways larger than 1 inch diameter.

f. Cable supports in vertical raceways shall be of the split wedge type. Armored
cable supports for vertical runs to be of wire mesh basket design.

g. Wall entrance seals shall be equal to O.Z. Gedney type "WSK".

h. Couplings, elbows and other fittings used with rigid nonmetallic conduit shall be of
the solvent cemented type to secure a waterproof installation.

i. Acceptable manufacturers:

0.Z.
Crouse Hinds
Appleton
EFCOR
Steel City
B. Outlets, Pull and Junction Boxes:
1. Outlets:

a. Each outlet in wiring or raceway systems shall be provided with an outlet box to
suit conditions encountered. Boxes installed in normally wet locations or surface
mounted shall be of the cast-metal type having hubs. Concealed boxes shall be
cadmium plated or zinc coated sheet metal type. Old work boxes with Madison
clamps not allowed in new construction. Thru the wall boxes are not permitted.

b. Each box shall have sufficient volume to accommodate number of conductors in
accordance with requirements of Code. Boxes shall not be less than 1-1/2" deep
unless shallower boxes are required by structural conditions and are specifically
approved by Architect. Ceiling and bracket outlet boxes shall not be less than 4"
octagonal except that smaller boxes may be used where required by particular
fixture to be installed. Flush or recessed fixtures shall be provided with separate
junction boxes when required by fixture terminal temperature requirements.
Switch and receptacle boxes shall be 4" square or of comparable volume.

c. Far side box supports shall be Caddy J-1A.

d. Acceptable manufacturers:

Appleton
Crouse Hinds
Steel City
RACO
Or equal
2. Pull and Junction Boxes: Where indicated on plans, and where necessary to terminate,

tap off, or redirect multiple raceway runs or to facilitate conductor installation, furnish, and
install appropriately designed boxes. Boxes shall be fabricated from code gauge steel
assembled with corrosion resistant machine screws. Box size shall be as required by

Code.

Boxes in moist or wet areas shall be galvanized type. Boxes larger than 4-11/16 inches
square shall have hinged covers. Boxes larger than 12 inches in one dimension will be
allowed to have screw fastened covers, if a hinged cover would not be capable of being
opened a full 90 degrees due to installation location.

a.

Acceptable Manufacturers:
Brasch

Hoffman

Keystone

Lee Products Co.

ELECTRICAL
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McKinstry Inc.
Eldon Inc.
Or equal

CONDUCTORS

All conductors shall be a minimum size of #12 AWG except for control wiring and fire alarm
wiring where #14 AWG may be used. For all exit sign circuits, normal/emergency and/or
emergency only circuits, exterior lighting circuits, and also where distance from panelboard to
first outlet exceeds 80" at 120 volts and 150’ at 277 volts, #10 AWG shall be minimum size wire
allowed. All feeder and branch circuit conductor shall be color coded as follows:

1. 208Y/120V Phase A Black
2. 208Y/120V Phase B Red
3. 208Y/120V Phase C Blue
4. 480Y/277V Phase A Brown
5. 480Y/277V Phase B Orange
6. 480Y/277V Phase C Yellow
7. Grounded Conductor
120/208 White
277/480 Grey
8. Equipment Ground
120/208 Green
277/480 Green with Yellow Trace
9. Isolated Ground 120/208 Green with Orange Trace

All conductors not installed in accordance with color scheme shall be replaced. All conductors
larger than #6 AWG must be identified with colored tape.

Connections throughout the entire job shall be made with solderless type devices.
1. For #10 AWG and smaller: spring type.
2. For #8 AWG and larger: circumferential compression type.
3. Acceptable manufacturers:
3M "Scotchlock"
IDEAL "Wingnut"
BURNDY
MAC
Or equal
4, Any splices made up in ground mounted pull boxes shall be resin cast waterproof type or
waterproof pressure type, as manufactured by King Technology, St. Louis, MO.

Conductors shall be copper, soft drawn, and annealed of 98% conductivity. Conductors larger
than #10 AWG shall be stranded; #10 AWG and smaller shall be solid. Conductors shall be
insulated for 600 volts and be of following types:
1. All conductors shall have heat/moisture resistant thermoplastic insulation type
THHN/THWN (75°C) except as follows:
a. In sizes #1 AWG and larger: Crosslinked polyethylene insulation type XHHW
(750C - 900C) may be used.
b. Fire alarm system conductors shall be #14 AWG, type THHN, solid. Color coding
of fire alarm conductors shall be in accordance with fire codes.
C. Fixture whips #16AWG type "SF".

Stranded conductors for all wiring systems except fire alarm will be allowed if installed and
terminated as specified under Execution Section.

ELECTRICAL
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F. 2 Hour Fire Rated MC Cable: MC power cable is listed by UL as 2-hour fire-rated when
installed in accordance with RSCC installation procedures and system listings. This cable
meets the requirements of an “Electrical Circuit Protective System” as referred to in Articles 695
and 700 of the National Electrical Code (NEC). It meets all the electrical and fire-resistive
requirement of NFPA 502 and NFPA 130. The details of this system appear in Electrical Circuit
Protective System (FHIT), System No .36 of the UL Fire Resistance Directory.

1. Features:

1 hour rating per UL 2196.

Low smoke, Halogen free design.

Simple to terminate with commercially available brass MC connectors.

Printed number coating allows for easy circuit identification.

Uses convectional stripping tool.

Available in long lengths.

Welded armor forms an impervious barrier.

Armor is impact & crush resistant.

Fire-rated splice available.

erformance Standards:

UL listed, NEC type MC in accordance with UL Standard 1569.

2 hour fire rated per UL standard 2196 following ASTM E119 (1,850°F with water

hose stream).

Electrical Circuit Protective Systems (FHIT) — System No .36 of the UL Fire

Resistive Directory.

Meets and exceeds fire rated cable requirements in NFPA 130 for Transit

applications.

Meets and exceeds cable requirements in NFPA 502 for Tunnel applications

Exceeds NEC Article 695 & 700 fire endurance requirements.

Rated FT-4/IEEE 1202 Vertical Flame test; -ST1, limited smoke.

For use in wet locations to 90°C.

Armored with copper sheath that exceeds the NEC requirement for equipment

grounding conductor.

j- Complies with NFPA 130 and 502 total smoke released and low toxicity.

3. Construction

Conductor: annealed copper, Class “B” strand per ASTM B-3 & B-8.

Insulation: Thermoset, low smoke zero halogen silicone rubber.

Circuit Identification: Printed numbers per ICEA Method 4.

Inner Jacket: Thermoset, low smoke zero halogen silicone rubber.

Armor:; Continuously welded and corrugated copper.

Outer Jacket (optional): Black Low Smoke, zero halogen polyolefin.

4. Approved manufacturer — Vitalink MC, Raychem, Draka USA or equal.
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G. Type MC Cable may be used for concealed branch circuits in hollow spaces where allowed by
code if installed and terminated as specified under Execution Section. Armor to be galvanized
steel and shall be UL listed for 2 hour fire wall penetration. Light steel armor is also acceptable.

H. Type MC Cable may be used for fire alarm where concealed and allowed by Code, armor shall
be red.

l. Acceptable manufacturers:

AFC Cable Systems
American Wire & Cable
Cerro

Cornish

Cresent

General Cable

ELECTRICAL
260000 - 13



omr architects inc. CONCORD CARLISLE HIGH SCHOOL

AUGUST 15, 2012 CONCORD, MA
Okonite
Or equal

24 ACCESS PANELS

A. General: Furnish access panels for installation by others, at all new and existing construction
where required for access to the Work of this Section.

B. Refer to Section 083100 — Access Doors and Frames, for all product requirements for furnishing
access panels.

C. Coordinate locations and schedule with the work of trades involved with construction in which
access panels will be installed.

25 SLEEVES, INSERTS, AND OPENINGS

A. Sleeves: Provide sleeves of proper sizes for all openings required in concrete floors and walls.
Sleeves passing through floors shall be set with top of sleeve 1" above finished floor. Core
drilling will also be acceptable if in accordance with any structural standards. Any unsleeved
openings shall be waterproofed.

B. Inserts: Provide inserts or other anchoring devices in concrete and masonry construction as
required to support raceways and equipment.

C. Openings: Where an opening is required in concrete slabs to allow passage of a multitude of
raceways, give adequate notice to General Contractor so he may box out opening in form work.

D. Any openings through fire rated surfaces shall be closed off with fireproofing materials providing
the same rating as the surface penetrated.

Acceptable Manufacturers:
Specified Technologies Inc.
Thomas & Betts
International Protective Coatings Corp.
3M Fire Protection Products
Dow Corning
2.6 FLOOR OUTLETS (FLUSH TYPE)

A. All flush floor outlets shall be Steel City 640 or 840 series cast iron, watertight type. The 640
series shall be used generally, and the 840 series used where shallow depth is required.

B. Whenever floor outlets for different services are indicated in the same location, they shall be
ganged together.

C. Covers shall be brass series P64. Duplex receptacle and low tension covers shall be lift lid type
P64DS. Flush floor outlets located in carpeted areas shall be provided with P64-CP carpet
plates of the number of gangs required.

D. Refer to drawing for specific floor boxes in special areas such as Media Center, Auditorium, etc.

ELECTRICAL
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2.7 WIRING DEVICES

A. Receptacles: Receptacles shall be flush mounted. All standard 20 ampere devices to be of
same manufacturer.

Acceptable Manufacturers:

Twenty (20) ampere duplex grounding type NEMA 5-20R,
Cooper 5362-V,

Hubbell 53621,

Pass and Seymour 53621,

Leviton 5362-I

Or equal

Thirty (30) ampere, 250 volt NEMA 14-30R complete with plate,
Cooper 1257,

Hubbell 9350,

Pass and Seymour 3853

GE 1439-3

Or equal

B. Switches: 20 ampere,
Cooper CWD 2221,
Hubbell 1221,
Pass and Seymour 20AC-2,
Leviton 1221.
GE 5951
Or equal
Prewired devices with pigtails acceptable

C. Composition material of wiring devices to be nylon with white finish. Outlets intended for
computer use shall be grey finish.

D. Coverplates: Brushed US 302 stainless steel.

E. Provide gaskets on all wiring device plates where devices are on walls separating conditioned
and non-conditioned spaces and exterior walls.

F. Dimmer Controls (Refer to Stage Lighting for specific stage lighting controls):

1. All devices shall be UL listed specifically for the required loads (i.e., incandescent,
fluorescent, magnetic low voltage, electronic low voltage). Manufacturer shall provide file
card upon request. Universal dimmers are not acceptable.

2. All dimmers and switches shall incorporate an air gap switch. The air gap switch shall be
capable of meeting all applicable requirements of UL 20 for air gap switches on
incandescent dimmers.

3. All dimmers and switches shall provide power- failure memory. Should power be
interrupted and subsequently returned, the lights will come back on to the same levels set
prior to the power interruption. Restoration to some other default level is not acceptable.

4. Dimmers and switches shall met ANSI/IEEE Std. C62.41-1980, tested to withstand
voltage surges of up to 6000V and current surges of up to 200A without damage.

5. Dimmers and switches shall meet the UL 20 limited short circuit test requirement for snap
switches.
6. Dimmer shall provide a smooth and continuous Square Law dimming curve.
ELECTRICAL
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7. Dimmers shall be voltage regulated so that +10% variation in line voltage shall cause not
more than + 5% variation in load voltage when dimmer is operating at 40V (5% light
output).
8. Dimmers, where ganged, shall be derated in accordance with manufacturer's instructions.
Ratings in watts listed on the drawings are the derated ratings.
9. Dimmers shall be Lutron, Leviton, Lightolier or equal.

2.8

Exterior Outlets with Lockable Covers:

1. Provide exterior outlets with lockable covers at all exterior outlet locations. Provide GFCI
Circuit Breakers on all branch circuits. Provide in-use flush mounted weatherproof
locking covers.

LIGHTING FIXTURES

General
1. Submit the following in accordance with project submittal procedures:
a. Catalog Data: Submit catalog data describing luminaires, lamps, and ballasts.
Include data substantiating that materials comply with specified requirements.
Arrange data for luminaires in the order of fixture designation.
b. Performance Curves/Data:
1) Submit certified photometric data for each type of luminaire.
2) Submit supply-air, return-air, heat-removal, and sound performance data for
air handling luminaires.
c. Drawings: Submit shop drawings for non-standard luminaires.
d. Calculations: Submit as requested to support equal product proposals..
e. Warranty: Submit warranties for luminaires and for electronic ballasts.
2. All lamps, ballasts, led sources, drivers, and controls shall meet the latest utility company

incentive requirements. Refer to the latest program requirements documentation and
coordinate with the utility company to ensure compliance.

Quality Assurance

1. Comply with the National Electrical Code (NEC) and the Massachusetts Building Code
(MBC) for components and installation.

2. Provide luminaires listed and labeled by a nationally recognized testing laboratory
(NRTL) for the application, installation condition, and the environments in which installed.

3. Use manufacturers that are experienced in manufacturing luminaires, lamps and ballasts
similar to those indicated for this Project and have a record of successful in-service
performance.

4. Coordinate luminaires, mounting hardware and trim with the ceiling system.

Lamps

1. Furnish lamps that comply with requirements specified below and the luminaire schedule
on the Drawings.

2. Compact fluorescent lamps shall have kelvin color temperature as scheduled with a color

rendering index of 82 minimum. Compact fluorescent lamps shall be the amalgam type,
Sylvania Dulux T/E/IN or equal by Philips or GE.

ELECTRICAL
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3. Linear fluorescent lamps shall have kelvin color temperature as scheduled with a color
rendering index of 85 minimum. T5ho lamps shall be the energy saver type, Sylvania
Pentron HO Supersaver Ecologic or equal by Philips or GE. All TS lamps shall be the
energy saver type, Sylvania Pentron Supersaver Ecologic or equal by Philips or GE.

D. Ballasts
1. Standard compact fluorescent ballasts shall be Sylvania Quicktronic Prostart CF series or
equal by Advance, GE, or Universal.
2. Dimming compact fluorescent ballasts shall be Sylvania Quicktronic Helios CF series (0-

10v) or equal by Advance, GE, or Lutron.
3. Standard T5 and T5HO linear fluorescent ballasts shall be high efficiency type, Sylvania
QHE Prostart series or equal by Advance, GE, or Universal.

4. Dimming linear fluorescent ballasts (0-10v) shall be Sylvania Quicktronic Powersense
(T5) series or Sylvania Quicktronic Helios (T5HO) series or equal by Advance, GE, or
Lutron.

5. Three and four lamp luminaires shall have two ballasts per luminaire for multilevel
switching.

6. Provide NRTL-listed luminaire disconnect assembly for each ballast. Manufacturer:

IDEAL “PowerPlug”, Thomas & Betts “Sta-Con.”
E. LED Assemblies

1. LED luminaires shall conform to UL 1598 and to UL 8250 — Safety Standard for Light-
Emitting Diode (LED) Light Sources for Use in Lighting Products.

2. Products shall be lead and mercury free.

3. Photometric characteristics shall be established using IESNA LM-79-08, IESNA
Approved Method for the Electrical and Photometric Measurement of Solid-State Lighting

Products.

4. Color characteristics of LED luminaires shall be as follows in accordance with ANSI
C78.377 — Specifications for the Chromaticity of Solid State Lighting Products.

5. LED and driver cooling system shall be passive and shall resist the buildup of debris.

6. LED luminaire output after 50,000 hours of operation shall be not less than 70 percent of

the initial lumen output when determined in accordance with IESNA LM-80-08 — IESNA
approved Method for Measuring Lumen Maintenance of LED Lighting Sources.
7. LED source package electrical characteristics:

a. Supply voltage: 120 V, 208 V, 240 V, 277 V, or 480 V as indicated on the
Drawings. Provide step-down transformers if required to match driver input voltage
rating.

b. Total harmonic distortion (current): Not more than 10 percent
C. Power factor: Not less than 90%
d. RF interference: Meet FCC 47 CFR Part 15/18
e. Transient protection: IEEE C62.41 Class A.
F. Extra Materials
1. Furnish the following extra materials matching products installed. Package with

protective covering for storage and identify with labels describing contents.

a. Five (ten percent of quantity of fluorescent lamps of each type, but no fewer than
two lamps of each type).
b. Five (five percent of quantity of LED source packages of each type, but no fewer

than two of each type).
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C. One (two percent of quantity of louvers and lenses of each type, but not less than
one of each type).
d. One (two percent of quantity of ballasts of each type, but not less than one of each
type).
e. One (two percent of quantity of LED drivers of each type, but not less than one of
each type).
G. Interior General:
1. Furnish interior luminaries that comply with requirements specified below, indicated on
the Drawings, and as required to meet conditions of installation.
2. Metal parts shall be free from burrs and sharp corners and edges.
3. Metal components shall be formed and supported to prevent sagging and warping.
4. Steel parts shall be finished with manufacturer's standard finish applied over a corrosion-
resistant primer. Finish shall be free from runs, streaks, stains, holidays or defects.
5. Doors and frames shall be smooth operating and free from light leakage under operating

conditions. Relamping shall be possible without the use of tools. Doors, frames, lenses
and diffusers shall be designed to prevent accidental falling during relamping and when
secured in the operating position.

6. Luminaires shall have minimum reflecting surface reflectance as follows unless specified
otherwise on the Drawings:

a. White Surfaces: 85 percent

b. Specular Surfaces: 83 percent
c. Diffusing Specular Surfaces: 75 percent
7. Lenses, diffusers, covers and globes shall be 100 percent virgin acrylic unless specified

otherwise on the Drawings. Lenses shall have 0.125 inches minimum thickness. Lenses
for fluorescent troffers shall be injection molded.

8. Luminaires shall conform to UL 1598 - Luminaires. Provide product with damp location
listing or wet location listing as required by installation location.

H. Interior Accessories

1. Provide stud supports, mounting brackets, frames, plaster rings and other accessories
required for luminaire installation.
2. Furnish hangers as specified below and as required by conditions of installation:

a. Stem hangers shall be made of 1/2-inch steel tubing with 45 degrees swivel ball
hanger fitting and ceiling canopy. Finish the same as the luminaire.

b. Rod hangers shall be made of 1/4 inch threaded zinc-plated steel rod.

C. For HID luminaires provide hook hangers that are integrated assemblies matched
to the luminaire and line voltage; equip with threaded attachment, power cord and
locking type plug. Provide a safety chain or cable for each luminaire that will attach
to the building structure, the ballast housing, and to the reflector/diffuser assembly.

3. Use NRTL-listed T-bar safety clips for lay-in fluorescent luminaires.
4. Where indicated on the Drawings or where lamp breakage is detrimental, such as above
food counters, provide open fluorescent luminaires with:

a. Self-locking sockets or lamp retainers, two per lamp, and

b. Clear polycarbonate protective lamp sleeves with end caps over each lamp.
Sleeve shall have a light transmission of 95 percent and shall be rated for the
thermal profile of the lamp and ballast.
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Interior Installation

1.

Install interior lighting system in accordance with the NEC, manufacturer's installation
instructions, approved shop drawings, and NECA National Electrical Installation
Standards.

Have the manufacturer’s installation instructions available at the Project site.

Mounting heights specified or indicated on the Drawings are to the bottom of the
luminaire for ceiling-mounted fixtures and to the center of the luminaire for wall-mounted
fixtures.

Where the ceiling forms the protective membrane of a fire resistive assembly, install
protective coverings over luminaires in accordance with NRTL requirements.

Install slack safety wires as described below for luminaires in or on suspended ceilings.

a. Wire shall be minimum 12 gage galvanized soft annealed steel wire conforming to
ASTM A641.

b. Attach wire to the building structure directly above the attachment point on the box
or luminaire; make trapezes of framing channel material as required to span
obstacles

C. Secure wire(s) at each end with not less than three tight turns in 1-1/2 inches.

Support pendant-mounted or cable-supported luminaires directly from the structure
above using a 9 gage wire or an approved alternate support without using the ceiling
suspension system for direct support.

a. Install seismic restraints for pendant-mounted and cable-supported luminaires.
b. Pendants, rods, cables, or chains 4 ft or longer shall be braced to prevent swaying
using three cables at 120 degrees separation.

Connect luminaires in suspended ceilings using 6 ft. lengths of flexible wiring method
arranged accommodate not lea than 4 inches of differential seismic movement in any
direction.

Interior Quality Control

1.

Make electrical connections, clean interiors and exteriors of luminaires, install lamps,
energize and test luminaires, inspect interior lighting system, and deliver spare parts in
accordance with manufacturer's instructions and NECA National Electrical Installation
Standards:

Test electronic dimming ballasts for full range dimming capability.

a. Burn-in dimmer controlled fluorescent lamps at full output for not less than 100
hours before dimming.
b. Check for visually detectable flicker over the full dimming range.

Prior to turnover to Owner, replace lamps that were installed and used during
construction if more than 15 percent of their rated lamp life has been used.

Exterior - General

Furnish exterior luminaires that comply with requirements specified in this Section and in
the luminaire schedule on the Drawings.

Luminaire photometric characteristics shall be based on IESNA approved methods for
photometric measurements performed by a recognized photometric laboratory.

Luminaire housing shall be primarily metal.

a. Metal parts shall be free from burrs and sharp corners and edges.
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b. Sheet metal components shall be fabricated from corrosion-resistant aluminum,
formed and supported to prevent sagging and warping.
C. Exposed fasteners shall be stainless steel.
4. Doors and frames shall be smooth operating and free from light leakage under operating
conditions.
a. Relamping shall be possible without the use of special tools.
b. Doors, frames, lenses and diffusers shall be designed to prevent accidental
falling during relamping and when secured in the operating position.
C. Door shall be removable for cleaning or replacing lens.
5. Luminaires shall have minimum reflecting surface reflectance as follows unless

scheduled otherwise:

a. White surfaces: 85 percent
b. Specular surfaces: 83 percent
c. Diffusing specular surfaces: 75 percent
6. Provide lenses, diffusers, covers and globes as scheduled on the Drawings fabricated

from materials that are UV stabilized to be resistant to yellowing and other changes due
to aging or exposure to heat and ultraviolet radiation.

7. Doors shall have resilient gaskets that are heat-resistant and aging-resistant to seal and
cushion lens and refractor.

L. Exterior Poles and Accessories
1. Furnish poles and accessories that comply with requirements specified in this Section
and the luminaire schedule on the Drawings.
2. Pole, base, and anchorage shall carry the luminaires, supports, and appurtenances at the
indicated height above grade without deflection or whipping.
3. Mountings, fastenings and other appurtenances shall be fabricated from corrosion-

resistant materials that are compatible with poles and luminaires and will not cause
galvanic action at contact points. Mountings shall correctly position luminaires to provide
scheduled light distribution.

4. A reinforced access handhole shall be located in the wall of each metal pole.

5. A welded 1/2 inch grounding lug shall be accessible through the handhole of each metal
pole. Grounding connection shall be designed to prevent electrolysis when used with
copper ground wire.

6. Metal poles shall have anchor type bases and galvanized steel anchor bolts and leveling
nuts.

7. Metal poles shall have a metal base cover that covers the entire base plate and
anchorage.

8. Protect painted, anodized, or brushed pole finishes during shipment and installation.

Minimum protection shall consist of spirally wrapping each pole shaft with protective
paper secured with tape, and shipping small parts in boxes.

9. Aluminum poles shall be fabricated from corrosion resistant aluminum Alloy 6063-T6 or
Alloy 6005-T5 for wrought alloys or Alloy 356-T4 for cast alloys.

a. Poles shall be square or round, tapered or straight as indicated on the Drawings.
b. Aluminum poles over 30 feet tall shall include factory-installed vibration dampers.
C. Poles shall be seamless extruded or spun seamless type with minimum 0.188 inch
wall thickness.
d. Tops of shafts shall be fitted with a round or tapered cover.
ELECTRICAL
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10.

1.

12.

13.

e. Base shall be anchor bolt mounted, made of cast 356-T6 aluminum alloy in
accordance with ASTM B 108/B 108M, Standard Specification for Aluminum-Alloy
Permanent Mold Castings and shall be machined to receive the lower end of shaft.
Joint between shaft and base shall be welded.

f. Hardware, except anchor bolts, shall be either 2024-T4 anodized aluminum alloy
or stainless steel.

Anchor bolts shall be steel rod having minimum yield strength of 50,000 psi. The top 12
inches of the anchor bolt shall be galvanized in accordance with ASTM A153/A153M.
Manufacturers: Subject to compliance with requirements, provide products as scheduled
or specified on the Drawings.

Fuses and Fuse holders

a. Furnish fuse overcurrent protection for each pole-mounted luminaire to isolate
faulted ballasts from the lighting circuit.

b. Use 600 volt, Class CC, time-delay, current-limiting fuses.

c. Select fuses rated between 200% and 300% of the luminaire ballast or driver
maximum current.

d. Manufacturer: Bussman “LP-CC” or approved equal.

Furnish in-line fuse holders for installation in pole hand hole or transformer base.

a. Use non-breakaway type fuse holders unless breakaway poles are indicated on
the Drawings.

b. Use breakaway type fuse holders where breakaway poles are indicated on the
Drawings.

C. Load and line terminal sizes and types shall correspond to line and load conductor
sizes and quantities.

d. Both breakaway and non-breakaway fuse holders shall have insulating boots.

e. Manufacturers: Ferraz Shawmut “FEC” for phase conductor(s), “FEBN” for neutral

conductor, or approved equal.

M. Exterior Installation

1.

2.

No

Install products in accordance with manufacturer's instructions, NECA/IESNA 501, and
approved shop drawings.

Locations of luminaires and poles shown on the Drawings are diagrammatic. Coordinate
luminaire locations with building finishes, building structure, paving and striping, utility
piping, security fences, and existing trees. Obtain approval for location changes through
LANL Subcontract Technical Representative (STR).

Set poles and luminaires plumb, square, level and secure.

Install surface mounted luminaires directly to an outlet box which is supported from
structure.

Install in-grade luminaires flush with surrounding surface. Coordinate pitch or grading of
surface with General Contractor to allow drainage away from fixture.

Install lamps in luminaires in accordance with manufacturer's instructions.

Concrete Foundations:

a. Construct concrete foundations with exterior 4000 psi concrete and reinforcing
conforming to Section 033001 — CAST-IN-PLACE CONCRETE - SIT WORK.

b. Comply with details on the Drawings and manufacturer's recommendations for
foundation dimensions, reinforcing, anchor bolts, nuts and washers.

C. Position power conduits and ground rod to terminate within the pole shaft area and
one inch above the top of the foundation.

d. Cure concrete foundations for 7 full curing days before erecting poles.
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A

Pole Erection

a. Do not install poles without luminaires.

b. Use fabric web slings to raise and set poles.

C. Use leveling nuts or shims to make poles plumb. When leveling nuts are used, set
the lower nuts not more than 1 inch from the concrete foundation.

d. Tighten anchor bolt nuts and other pole hardware to torque recommended by
manufacturer.

e. After pole is leveled, pack non-shrink grout between anchor base and concrete

foundation to provide a full bearing surface. Use a short piece of 1/2-inch diameter
pipe to make a drain hole through grout; arrange to drain condensation from
interior of pole.

f. Set embedded poles to depth indicated on the Drawings, but not less than 1/6 of
pole length below finish grade.

g. Auger holes large enough to permit the use of tampers the full depth of the hole.

h. Backfill in 6 inch layers and thoroughly tamp each layer so compaction of backfill is
equal to or greater than that of the undisturbed earth.

ELECTRICAL POWER EQUIPMENT

Motor Controls - Manual and Solid State:

1.

2.

Individually-mounted starters shall be NEMA rated solid state type with thermal overload
on each reduced voltage start.

Motor Starters shall be furnished by Electrical Sub-Contractor unless part of package
mechanical equipment such as rooftop units. Refer to equipment schedules on Electrical
Plans and provide accordingly.

The solid state motor controller shall use silicon controlled rectifiers (SCR'’s) to control the
voltage to the motor windings. Two SCR’s shall be used in a back-to-back arrangement
in each phase to allow alternating current to pass to the motor. When SCR triggering is
delayed, the voltage to the load shall be reduced. This phase-controlled operation
provides soft starting with step-less acceleration. Once the motor is running, voltage
reduction can improve the motor's operating point at partial load, saving energy and
lowering the reactive current. If one or more shorted SCRs are detected, the starter shall
not energize. A fault LED will light and if provided with a shunt trip, the main circuit
breaker will trip. Provide pump stop option to eliminate water hammer in pumping
systems, by giving a controlled decel to the motor voltage. This process shall allow for
smooth pressure reduction and quiet check valve operation. The controller shall trip off
the line if one or more phases are lost.

Starters shall be of size and type required for particular motor horsepower and voltage.
Minimum size starter to be size 1 FVNR, unless noted otherwise.

a. Starters shall have OL reset button, green push-to-test type pilot light to indicate
"ON", and "HAND-OFF-AUTQ" switch in cover.

b. Starters to have 120 volt control transformers with fused output being provided for
those units operating on 277/480 volt system.

C. Provide Class 20 fixed heater overloads with auto/manual reset.

d. Provide four (4) sets of auxiliary contacts of convertible type N.O. to N.C. for each
starter.

e. Motor starters shall have NEMA | enclosures. Those in wet locations shall be
NEMA 3R.

f. Acceptable Manufacturers:

Westinghouse/Culter-Hammer
Square D/Groupe Schneider
Siemens
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Allen Bradley
GE
Or equal
5. Manual motor starters shall have pilot lights and shall be furnished with thermal overloads

on each phase.

B. Motors: Each motor shall have disconnect switch and starter provided under this section.

C. Provide motor terminal boxes for each motor not furnished with same.

D. Disconnect Switches:

1.

Disconnect (safety) switches shall conform to industrial standards of NEMA, be UL listed
and shall be heavy duty type, quick-make, quick-break type with interlocking cover
mechanism and provisions for padlocking switch handle in "OFF" position. Three pole
toggle switches are not acceptable as substitute for disconnect switches.

Disconnect switches shall be of fused or unfused type as indicated with number of
disconnecting poles indicated. The grounded conductor shall not be switched. Switches
for use with current limiting fuses shall be rejection type and those used in conjunction
with motors shall be horsepower rated. Provide oversize termination lugs if required by
conductor size.

Enclosures shall be of proper NEMA type for intended location and shall be phosphate
coated or equivalent code gauge galvanized sheet steel with ANSI #24 dark gray baked
enamel finish.

Acceptable Manufacturers:

Westinghouse/Cutler-Hammer
Square D/Groupe Schneider
Siemens

Allen Bradley

Or equal

E. Fuses:

1.
2.

Provide a complete set of fuses for each item of fusible type equipment.

Turn over to authorized representative of Owner upon completion a spare set of fuses of

each different type and ampere rating installed. These spares shall be bound with twine

and tagged.

Secondary system fuses, rated at 600 volts or less, shall be UL listed and constructed in

conformance with the applicable standards set forth by NEMA and ANSI. All fuses of a

particular class shall be of same manufacturer.

All fuses in distribution panelboards and switchboards shall be class "L" above 600

amperes and class "RK1" for 600 amperes and below.

Main, Feeder, and Branch Circuits:

a. Circuits 601 amperes and above shall be protected by (Bussmann type KRP-C
LOW-PEAK) current limiting time delay fuses.

b. Circuits 0-600 amperes shall be protected by (Bussmann "LOW-PEAK" dual
element), time delay current limiting fuses, LPN-RK (250 volts), LPS-RK (600
volts), UL class RK-1.

Acceptable Manufacturers:

Bussmann, Division of McGraw

Gould/Shawmut

GEC-ALSTHOM

Or equal
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2.10

A

2.11

ELECTRICAL SYSTEM CONTROLS AND INSTRUMENTS

Provide a complete power system consisting of branch circuits, motor disconnect switches,
pushbutton stations, motor starters, and other devices to connect up and leave in operating
condition each piece of electrically operated equipment provided either under this section or
other Divisions.

All control wiring, not indicated in the electrical specifications or not shown on electrical
drawings, will be provided by Temperature Control Subcontractor.

GROUNDING SYSTEM

All equipment and systems shall be grounded. Refer especially to NEC Section 250 Requiring
Connections to Building Steel, Foundation, Water Service, and Interior Piping. Provide
transformer pad grounding in accordance with utility company standards.

The grounded conductor shall be supplemented by an equipment grounding system.

The equipment grounding system shall be installed so all conductive items in close proximity to
electrical circuits operate continuously at ground potential and provide a low impedance path for
ground fault currents.

Grounding conductors shall be so installed as to permit shortest and most direct path to ground.

Maximum measured resistance to ground of 5.0 ohms shall not be exceeded. Ground
separately derived systems (dry type transformers) in accordance with Article 250-26 by
grounding neutral to transformer ground lug and providing insulated grounding electrode
conductor to nearest effectively grounded building steel or, if unavailable, to nearest available
effectively grounded metal water pipe.

Equipment grounding conductors and straps shall be sized in compliance with Code Table 250.

Grounding conductors shall be insulated with green color. Grounding conductors for use on
isolated ground receptacles shall be green with trace color to differentiate between normal
ground conductors.

Branch circuits shall consist of phase and grounded conductor installed in common metallic
raceway. All circuits shall have a separate insulated grounding conductor installed. Any flexible
cable system or non-metallic raceway system shall have an insulated grounding conductor.
Any cable system for use on isolated ground circuits shall have both an isolated ground
conductor as well as an equipment ground conductor, both of which shall be insulated.

Each electrical expansion fitting shall be furnished with a bonding jumper. Provide grounding
bushings and ground connections for all raceways terminating below equipment where there is
no metal-to-metal continuity.

Continuity between all metallic and non-metallic raceway systems and equipment shall be
maintained.

Outdoor lighting fixtures shall be grounded and bonded in common with building system via a
separate grounding conductor.

Refer to Technology Specifications for additional grounding requirements.
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A. Main building switchboard shall be constructed in accordance with UL 891 and ANSI standards
and of the required number of vertical sections bolted together to form one metal enclosed rigid
structure. The sides, top, and rear shall be covered with removable plates. Switchboard shall
include all protective services and equipment as listed on drawings with necessary
interconnections, instrumentation, and control wiring. Buses shall be copper. Provide oversize
termination lugs for any terminations requiring same due to conductor sizing.

B. Record drawings shall be furnished providing the following: Complete rating, short-circuit
withstand ability of bus and of lowest rated device, overall outline dimensions, including space
available for raceways, circuit schedule showing circuit number, device description, device fuse
clip ampere rating, conductor ratings and one-line diagram with each circuit device numbered.

C. Each section shall be 90" high, self-supported, and same depth as incoming line section,
approximately 36" deep. Main protective device shall be individually mounted with front
coverplate and bus connection straps. Where called for on schedule, "space" shall mean to
include necessary bus, supports, and connections, leaving out only the breaker itself. Bus
structure shall be arranged to permit future additions.

D. Switchboard shall be arranged for operation as follows:

Voltage - 480Y/277 volts

Frequency - 60 cycles

Service - 3 phase, 4 wire, ampere capacity as indicated on drawings.

Neutral - full capacity

Available short circuit current at line terminals - 65,000 RMS amperes symmetrical.
Integrated equipment rating - 65,000 AIC

Copper ground bus, full length

UL service entrance label

E. The main shall have solid-state trip device (100% rated) sealed with the following features:
Adjustable ampere setting between 50-100% rating
Adjustable long time delay
Adjustable short time pickup
Adjustable short time delay
Fixed instantaneous at 15 times rating
Adjustable ground fault pickup
Adjustable ground fault delay

F. Provide electrical metering and voltage protection system equal to Square D Power Logic,
Westinghouse 1Q Data Plus or Siemens 4700 Series at main breaker.

G. Branch Devices shall be standard molded case circuit breakers, current limiting circuit breakers,
or other devices as scheduled. Branch devices shall be mounted in panelboard type
construction.

H. Coordinate with local utility company and include space and provisions for utility company

metering if required by the utility company. Refer to electric service section of this Division.
Acceptable Manufacturers:

Square D/Groupe Schneider
Cutler-Hammer/Westinghouse
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Siemens
General Electric
Or equal

PANELBOARDS

Panelboards shall be dead-front, door in door safety type equipped with single or multi-pole
circuit breakers suitable for 120/208 volt or 277/480 volt, 3 phase, 4 wire operation.

Buses shall be copper. Panelboards shall have a circuit directory card mounted in a frame with
plastic cover on inside of door. Panelboards to have a copper ground bus with terminals for
each circuit. Panelboards serving isolated ground receptacles shall have a separate ground
bus for terminations of the isolated grounds. The isolated ground bus shall be mounted to the
panel tub via non-conducting means with a separate grounding conductor run to the normal
panel ground bus. Provide oversize lugs for any termination requiring same due to oversize
conductors. Provide 200 percent neutral buses on all 120/208 volt panelboards fed from K13
rated transformers.

Cabinets shall be minimum of 20 inches wide and be made of code gauge steel. Surface type
shall be ordered without knockouts.

Trims shall be made of code gauge steel, surface or flush as indicated. Panelboards shall be
keyed alike. Trims shall be provided with full length piano hinge on one side, and secured to tub
with sufficient quantity of latches opposite the hinge side to allow trim to fit flush with tub and
when released, allow full access to wiring gutters. Inner door shall allow access to circuit
breakers only.

Panelboards shall be of the following types with minimum circuit breaker frame sizes listed
below. Refer to schedules for larger circuit breaker frame sizes due to fault current availability.
1. 120/208 volt, three phase, four wire. Symmetrical interrupting capacity 10,000 AIC.

Style

BAB Breakers
(bolt-on)

Cutler-Hammer type PRL-1

Square D type NQOD QOB Breakers

(bolt-on)

BQ Breakers
(bolt-on)

Siemens type CDP-7

HHQB Breakers
(bolt-on)
2. 2771480 volt, three phase, four wire. Symmetrical interrupting capacity 65,000 AIC.

General Electric Type AQ

Style

Cutler-Hammer type PRL-2 GHB Breakers
(bolt-on)

Square D type NEHB EHB Breakers
(bolt-on)

Siemens type CDP-7 BQCH Breakers
(bolt-on)
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General Electric Type AE TEY Breakers
(bold-on)
3. Distribution Panels:
a. Where scheduled as circuit breaker type, symmetrical interrupting capacity 65,000
AlC.
Cutler-Hammer Type PRL-3 FD Breakers
Square D I-Line type FA Breakers
Siemens SPP FXD6 Breakers
General Electrical Spectra THED Breakers
F. Panelboards and distribution panels shall be of same manufacturer as switchboard. Refer to

drawings where higher interrupting are required.

G. All power panels fed from K-13 transformers shall have integral surge protective device within
panel board or externally mounted with 60A breaker.

2.14 DRY-TYPE TRANSFORMERS

A. Transformer Specification

1.

Compatibility: This product must facilitate the ability of the electrical system to supply a

sinusoidal voltage in order to improve the long-term compatibility of the electrical system

with all types of linear and nonlinear connected loads today and in the future. All national

and international standards on harmonics and power quality set limits on levels of voltage

distortion to maintain compatibility.

Copper-wound, 3-phase, common core, ventilated, dry-type, isolation transformer built to

NEMA ST20 and relevant NEMA, UL and IEEE standards; 200% rated neutral; 60Hz

rated; Transformers 750 kVA and less, 600 volt primary and less, shall be U.L. and CSA

Listed and bear the label. All terminals, including those for changing taps, must be readily

accessible by removing a front cover plate. Windings shall be continuous with

terminations brazed or welded. 10kV BIL.

Insulation System:

a. Shall be NOMEX-based with an Epoxy Co-polymer impregnant for lowest
environmental impact, long term reliability and long life expectancy

b. Class: 220 degrees C

C. Impregnant Properties for low emissions during manufacturing, highest reliability
and life expectancy

d. Epoxy co-polymer

e. VOC: less than 1.65 Ibs/gal (low emissions during manufacturing)

f. Water absorption (24hrs @25C): less than 0.05% (superior insulation, longer life)

g. Chemical Resistance: Must have documented excellent performance rating by
supplier

h. Dielectric Strength: minimum of 3200 volts/mil dry (for superior stress, overvoltage
tolerance)

i. Dissipation Factor: max. 0.02 @25C to reduce aging of insulation, extending useful
life

Operating Temperature Rise: 130 degree C in a 40 degree C maximum ambient
Noise levels:

a. Per NEMA ST-20

b. Production Test every unit. Data to be available upon request.

UL Listed & Labeled K-Rating: K-7 or higher
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2.15

10.

11.

12.
13.
14.

Maximum No Load Losses

a. Transformers are energized 24 hours a day for their entire life, potentially 40 years
or more. These losses are incurred whether the transformer is loaded or not, and
cost the user many times the purchase price of the transformer even at current
energy rates.

b. No load losses shall not exceed: 15kVA: 60W, 30kVA: 99W, 45kVA: 130W,
75kVA: 180W, 112.5kVA: 260W, 150kVA: 330W, 225kVA: 450W, 300kVA: 560W,
500kVA: 850W

Efficiency at 15% loading

a. Data shows that transformers are typically very lightly loaded for extended periods
of time, therefore to minimize operating cost under real world loading conditions,
efficiency at 1/6 loading shall be maximized.

b. Efficiency at 1/6 load shall meet or exceed: 15kVA: 97.3%, 30kVA: 97.6%, 45kVA:
97.9%, 75kVA: 98.2%, 112.5kVA: 98.4%, 150kVA: 98.5%, 225kVA: 98.6%,
300kVA: 98.7%, 500kVA: 98.8%, 750kVA: 98.9%

DOE 10 CFR Part 430 CSL 3 Efficiency requirement, tested per NEMA TP-2:

a. Shall meet or exceed: 15kVA: 97.6%, 30kVA: 98.1%, 45kVA: 98.3%, 75kVA:
98.6%, 112.5kVA: 98.8%, 150kVA: 98.9%, 225kVA: 98.9%, 300kVA: 99.0%,
500kVA: 99.1%, 750kVA: 99.2%

Efficiency under k-7 nonlinear load at 50% of nameplate rating:

a. 15kVA: 97.3%, 30kVA: 97.7%, 45kVA: 97.9%, 75kVA: 98.4%, 112.5kVA: 98.7%,
150kVA: 98.8%, 225kVA: 98.8%, 300kVA: 98.8%, 500kVA: 98.9%, 750kVA:
98.9%

Voltage Taps: For transformers 30kVA-300kVA, provide two 2-1/2% full capacity taps

above and below nominal primary voltage. For transformers 15kVA and smaller as well

as 500kVA and larger provide one 5% full capacity tap above and below nominal primary
voltage.

Impedance: Between 3.5% and 5.8% unless otherwise noted.

Enclosure type: Ventilated NEMA 2, drip-proof [optional NEMA 3R]

Maximum Footprint for 130 degree C rise model in a NEMA 1 enclosure:

17" Wide x 17” Deep x 27” High for 15kVA.

26” Wide x 18” Deep x 30” High for 30kVA, 45kVA

33” Wide x 22” Deep x 40” High for 75kVA, 112.5kVA

38" Wide x 28” Deep x 52” High for 150kVA

38” Wide x 32” Deep x 52" High for 225kVA, 300kVA

52” Wide x 38” Deep x 61” High for 500kVA

63" Wide x 46” Deep x 67 High for 750kVA

@ pooTw

Transformer Features

1.

2.

Electrostatic Shield: Each winding shall be independently single shielded with a full-width
copper electrostatic shield.
Transformer shall meet Department of Energy CSL3 efficiency.

Acceptable Manufacturers

1.

Powersmiths International Corp. or equal.

2. Model ESAVER-C3H for K-7 and over.

3. Model ESAVER—-C3L for under K-7.

4 Square D, Acme, and Jefferson Electric are considered equals.
ELECTRIC SERVICE

Coordinate and cooperate with Concord Municipal Light Plant (CMLP), hereinafter called utility
company, with respect to providing service and metering.
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2.16

Provide primary manholes, system raceways, elbows, pull wires, transformer foundation pad
and all pad grounding. Utility company will provide pad mounted transformer and primary
conductors including making up of all terminations and connections.

Provide secondary service complete including all conductors, raceways, and connectors at
transformer. Provide oversize lugs if required due to conductor sizing. Attachment of secondary
conductors to the transformer terminals will be done by utility company.

General Contractor shall do all excavation and back filling in accordance with utility company
standards.

All work to be done in accordance with utility company standards.

Metering: All usage will be on one secondary meter. Utility Company will furnish current
transformers and potential transformers to be installed in switchboard. Provide meter socket
and locate on exterior of building. Meter will be by Utility Company.

FIRE ALARM AND DETECTION SYSTEM (Voice evacuation required)

Description:

1. This section of the specification includes the furnishing, installation, connection and
testing of the microprocessor controlled, intelligent reporting fire alarm equipment
required to form a complete, operative, coordinated system. It shall include, but not be
limited to, alarm initiating devices, alarm notification appliances, Fire Alarm Control Panel
(FACP), auxiliary control devices, annunciators, and wiring as shown on the drawings
and specified herein.

2. The fire alarm system shall comply with requirements of latest NFPA Standard 72 for
Protected Premises Signaling Systems except as modified and supplemented by this
specification. The system shall be electrically supervised and monitor the integrity of all
conductors.

3. The fire alarm manufacturer shall be of the highest caliber and insist on the highest
quality. The system shall be manufactured by an ISO 9001 certified company and meet
the requirements of BS EN9001: ANSI/ASQC Q9001-1994.

4. The FACP and peripheral devices shall be manufactured 100% by a single U.S.
manufacturer (or division thereof).

5. The system and its components shall be Underwriters Laboratories, Inc. listed under the
appropriate UL testing standard as listed herein for fire alarm applications and shall be in
compliance with the UL listing.

6. Each designated zone shall transmit separate and different alarm, supervisory and
trouble signals to the Fire Command Center (FCC) and designated personnel in other
buildings at the site via a multiplex communication

7. The installing company shall employ NICET (minimum Level Il Fire Alarm Technology)
technicians on site to guide the final check-out and to ensure the systems integrity.

Scope:

1. An intelligent reporting, microprocessor controlled fire detection and system shall be
installed in accordance with the specifications and drawings.

2. Basic Performance:
a. Alarm, trouble and supervisory signals from all intelligent reporting devices shall be

encoded onto NFPA Style 7 (Class A) Signaling Line Circuits (SLC).
b. Initiation Device Circuits (IDC) shall be wired Class A (NFPA Style D).
c. Notification Appliance Circuits (NAC) shall be wired Class A (NFPA Style Z).
d. Digitized electronic signals shall employ check digits or multiple polling.
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Power for initiating devices and notification appliances must be from the main fire
alarm control panel, the transponder to which they are connected or to a Field
Charging Power Supply (FCPS).

A single ground or open on any system signaling line circuit, initiating device
circuit, or notification appliance circuit shall not cause system malfunction, loss of
operating power or the ability to report an alarm.

Alarm signals arriving at the main FACP shall not be lost following a power failure
(or outage) until the alarm signal is processed and recorded.

Basic System Functional Operation: When a fire alarm condition is detected and
reported by one of the system initiating devices or appliances, the following functions
shall immediately occur:

a.
b.
c.

The FACP alarm LED on the FACP shall flash.

A local piezo-electric signal in the FACP control panel shall sound.

The 80-character LCD display on the local FACP node and on the intelligent
network display shall indicate all information associated with the fire alarm
condition, including the type of alarm point, and its location within the protected
premises. This information shall also be displayed on the network reporting
terminal.

Printing and history storage equipment shall log the information associated with
the fire alarm control panel condition, along with the time and date of occurrence.
All system output programs assigned via control-by-event interlock programming to
be activated by the particular point in alarm shall be executed, and the associated
system outputs (alarm notification appliances and/or relays) shall be activated on
either local outputs or points located on other network nodes.

Software Modifications:

a.

Provide the services of a factory trained and authorized technician to perform all
system software modifications, upgrades or changes. Response time of the
technician to the site shall not exceed 4 hours.

Provide all hardware, software, programming tools and documentation necessary
to modify the fire alarm network on site. Modification includes addition and deletion
of devices, circuits, zones and changes to system operation and custom label
changes for devices or zones. The system structure and software shall place no
limit on the type or extent of software modifications on-site. Modification of
software shall not require power-down of the system or loss of system fire
protection while modifications are being made.

Certifications:

a.

Together with the shop drawing submittal, submit a certification from the major
equipment manufacturer indicating that the proposed supervisor of installation and
the proposed performer of contract maintenance is an authorized representative of
the major equipment manufacturer and trained on network applications. Include
names and addresses in the certification.

C. Applicable Publications:

The publications listed below form a part of this specification. The publications are referenced
in text by the basic designation only.
National Fire Protection Association (NFPA) - USA:

1.

No. 72 National Fire Alarm Code

No. 70 National Electric Code

No. 101 Life Safety Code

Underwriters Laboratories Inc. (UL) - USA:

No. 50 Cabinets and Boxes
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3.
4.

No. 268 Smoke Detectors for Fire
Protective Signaling Systems

No. 864 Control Units for Fire Protective
Signaling Systems

No. 268A Smoke Detectors for Duct Applications

No. 521 Heat Detectors for Fire Protective
Signaling Systems

No. 228 Door Closers-Holders for
Fire Protective Signaling Systems

No. 464 Audible Signaling Appliances
No. 38 Manually Actuated Signaling Boxes

No. 346 Waterflow Indicators for
Fire Protective Signaling Systems

No. 1481 Power supplies for Fire
Protective Signaling Systems

No. 1076  Control Units for Burglar Alarm
Proprietary Protective Signaling Systems

No. 1971  Visual Notification Appliances
Local and State Building Codes.
All requirements of the Authority Having Jurisdiction (AHJ).

D. Approvals:

1.

The system must have proper listing and/or approval from the following nationally
recognized agencies:

UL Underwriters Laboratories Inc.
FM Factory Mutual
MEA Material Equipment Acceptance (NYC)

CSFM California State Fire Marshal

2. The fire alarm control panel shall meet the modular labeling requirements of Underwriters
Laboratories, Inc. Each subassembly, including all printed circuits, shall include the
appropriate UL modular label. Systems which do not include modular labels which may
require return to the manufacturer for system upgrades, and are not acceptable.

E. Equipment and Material - General:

1.

All equipment and components shall be new, and the manufacturer's current model. The
materials, appliances, equipment and devices shall be tested and listed by a nationally
recognized approvals agency for use as part of a protected premises protective signaling
(fire alarm) system. The authorized representative of the manufacturer of the major
equipment, such as control panels, shall be responsible for the satisfactory installation of
the complete system.

ELECTRICAL
260000 - 31



omr architects inc. CONCORD CARLISLE HIGH SCHOOL
AUGUST 15, 2012 CONCORD, MA

2. All equipment and components shall be installed in strict compliance with each
manufacturer's recommendations. Consult the manufacturer's installation manuals for all
wiring diagrams, schematics, physical equipment sizes, etc. before beginning system
installation. Refer to the riser/connection diagram for all specific system
installation/termination/wiring data.

3. All equipment shall be attached to walls and ceiling/floor assemblies and shall be held
firmly in place. (e.g., detectors shall not be supported solely by suspended ceilings).
Fasteners and supports shall be adequate to support the required load.

F. Conduit and Wire:

1. Conduit:
a. Conduit shall be in accordance with the National Electrical Code (NEC), local and
state requirements.
b. All wiring shall be installed in conduit or raceway. Conduit fill shall not exceed 40

percent of interior cross sectional area where three or more cables are contained
within a single conduit.

C. Cable must be separated from any open conductors of power, or Class 1 circuits,
and shall not be placed in any conduit, junction box or raceway containing these
conductors, per NEC Article 760-29.

d. Wiring for 24 volt control, alarm notification, emergency communication and similar
power-limited auxiliary functions may be run in the same conduit as initiating and
signaling line circuits. All circuits shall be provided with transient suppression
devices and the system shall be designed to permit simultaneous operation of all
circuits without interference or loss of signals.

e. Conduit shall not enter any FACP, or any other remotely mounted control panel
equipment or backboxes, except where conduit entry is specified by the FACP
manufacturer.

f. Conduit shall be 3/4 inch (19.1 mm) minimum.

2 Wire
a. All fire alarm system wiring must be new, unless specified herein.
b. Wiring shall be in accordance with local, state and national codes (e.g., NEC

Article 760) and as recommended by the manufacturer of the fire alarm system.
Number and size of conductors shall be as recommended by the fire alarm system
manufacturer, but not less than 16 AWG (1.02 mm) for initiating device circuits and
signaling line circuits, and 14 AWG (1.32 mm) for notification appliance circuits.

C. All wire and cable shall be listed and/or approved by a recognized testing agency
for use with a protective signaling system.
d. Wiring used for the SLC multiplex communication loop shall be twisted and
shielded unless specifically accepted by the fire alarm equipment manufacturer.
e. All field wiring shall be completely supervised.
3. Terminal Boxes, Junction Boxes and Cabinets: All boxes and cabinets shall be UL listed
for the intended purpose.
4. Initiating circuits shall be arranged to serve like categories (manual, smoke, waterflow).

Mixed category circuitry shall not be permitted except on signaling line circuits connected
to intelligent reporting devices.

5. The FACP shall be connected to a separate dedicated branch circuit, maximum 20
amperes. This circuit shall be labeled at the main power distribution Panel as FIRE
ALARM. Fire alarm control panel primary power wiring shall be 12 AWG. The FACP
cabinet shall be grounded securely to either a cold water pipe or grounding rod.
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G. Fire Alarm Control Panel and Fire Command Center:

Fire alarm control panel shall be NOTIFIER Model No. NFS3030, Edward EST3, Simplex
4100ES, Siemens XLS, FCI FC7180 or equal. FACP shall contain a microprocessor
based central processing unit (CPU). The FACP shall communicate with and control the
following types of equipment used to make up the system: intelligent detectors,
addressable modules, transponders, local and remote operator terminals, printers,
annunciators, and other system controlled devices.

Node Capacity and General Operation:

1.

3.

a.

Each node shall provide, or be capable of, expansion to 198 intelligent
addressable devices per loop plus 2048 annunciation points per system. FACP
shall support a minimum of 10 intelligent loops.

Each FACP node shall include a full featured operator interface control and
annunciation panel which shall include a backlit Liquid Crystal Display (LCD),
individual, color coded system status LEDs, and an alpha-numeric keypad for field
programming and control of the node.

All programming or editing of the existing programming the system shall be
achieved without special equipment or interrupting the alarm monitoring functions
of the fire alarm control panel.

The system shall include emergency voice communications utilizing distributed
amplification and intelligence such that loss of operation by the main FACP will not
result in the loss of evacuation signal throughout the balance of the building.

Each FACP node shall provide the following features:

Block Acknowledge Printer Interface

Charger rate Control CRT Display

Interface

Control-by-Time Non-Alarm Module
Reporting

Day/Night Sensitivity Periodic Detector Test

Device Blink Control Remote Page

Drift Compensation Trouble Reminder

NFPA 72, Sensitivity Test Upload/Download to PC computer

System Status Reports Verification

Counters

Security Monitor Points Walk Test

Alarm Verification Maintenance Alert

Loop Interface Board (LIB):

a.

Loop interface boards shall be provided to monitor and control each of the
Signaling Line Circuit (SLC) loops in the network node. The loop interface board
shall contain its own microprocessor and shall be capable of operating in local
mode in the case of a failure in the main CPU of the control panel. In local mode,
the loop interface board shall detect alarms and activate output devices on its own
SLC loop.

The LIB shall not require any jumper cuts or address switch settings to initialize
SLC Loop operations.
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C. The loop interface board shall provide power to, and communicate with, all of the
intelligent detectors and addressable modules connected to its SLC Loop over a
single pair of wires. This SLC Loop shall be capable of operation as NFPA Style 4,
Style 6, or Style 7.

d. The LIB shall be able to drive two Style 4 SLC loops, each up to 10,000 feet in
length, for an effective loop span of 20,000 feet.

e. The loop interface board shall receive analog information from all intelligent
detectors and shall process this information to determine whether normal, alarm,
or trouble conditions exist for that particular detector. The loop interface board
software shall include software to automatically adjust and compensate for dust
accumulation to maintain detector performance as it is affected by environmental
factors. The analog information may also be used for automatic detector testing
and for the automatic determination of detector maintenance requirements.

f. The LIB shall communicate with each intelligent addressable detector and
addressable module on its SLC loop and verify proper device function and status.
Communication with up to 198 intelligent devices shall be performed every 6
seconds or less.

4. Enclosures:

a. Control panels shall be housed in UL listed cabinets suitable for semi-flush
mounting. Cabinets shall be corrosion protected, given a rust-resistant prime coat,
and the manufacturer's standard finish.

b. The back box and door shall be constructed of .060 steel with provisions for
electrical conduit connections into the sides and top.
C. The door shall provide a key lock and include a transparent opening for viewing all

indicators. For convenience, the door shall have the ability to be hinged on either
the right or left-hand side.

d. The control unit shall be modular in structure for ease of installation, maintenance,
and future expansion.
5. FACP nodes shall be designed so that it permits continued local operation of remote

transponders under both normal and abnormal network communication loop conditions.
This shall be obtained by having transponders operate as local control panels upon loss
of network communication.

6. FACP nodes shall be modular in construction to allow ease of servicing. Each CPU and
transponder shall be capable of being programmed on site without requiring the use of
any external programming equipment. Systems, which require use of external
programmers or change of EPROM'’s are not acceptable.

7. The CPU and associated equipment are to be protected so that they will not be affected
by voltage surges or line transients including RFI and EMI.

8. FACP Power Supplies:

a. Main power supplies shall operate on 120 VAC, 60Hz, and shall provide all
necessary power for the FACP.

b. Each main supply shall provide 3.0 amps of usable notification appliance power,
using a switching 24 VDC regulator.

C. The main power supply shall be expandable for additional notification appliance
power in 3.0 ampere steps.

d. Each main power supply shall provide a battery charger for 60 hours of standby

using dual-rate charging techniques for fast battery recharge. It shall charge 55
Amp hour batteries with-in a 48 hour period.

e. The supply shall provide a very low frequency sweep earth detect circuit, capable
of detecting earth faults on sensitive addressable modules.
f. It shall provide meters to indicate battery voltage and charging current.

g. The main power supply shall be power-limited per 1995 UL864 requirements.
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System Circuit Supervision:

a.

b.

Each FACP node shall supervise all circuits to intelligent devices, transponders,
annunciators and peripheral equipment and annunciate loss of communications
with these devices. The FACP CPU shall continuously scan the above devices for
proper system operation and upon loss of response from a device shall sound an
audible trouble, indicate which device or devices are not responding and print the
information on the printer.

Sprinkler system valves, standpipe control valves, PIV, and main gate valves shall
be supervised for off-normal position.

Field Wiring Terminal Blocks: For ease of service, all wiring terminal blocks shall be the
plug-in type and have sufficient capacity for 18 to 12 AWG wire. Fixed terminal blocks are
not acceptable.

Operators Terminal: Provide the following functions in addition to any other functions
required for the system.

a.

Acknowledge (ACK/STEP) Switch:

1) Activation of the control panel Acknowledge switch in response to a single
new Alarm and/or trouble condition shall silence the local panel piezo
electric signal and change the system alarm or trouble LED from flashing
mode to steady-ON mode. If additional new alarm or trouble conditions exist
or are detected and reported in the system, depression of this switch shall
advance the 80-character LCD display to the next alarm or trouble condition.

2) Depressing the acknowledge switch shall also silence all remote
annunciator piezo sounders.

Signal Silence Switch: Activation of the signal silence switch shall cause all
programmed alarm notification appliances and relays to return to the normal
condition after an alarm activation. The selection of natification circuits and relays
which are silence able by this switch shall be fully field programmable within the
confines of all applicable standards.
System Reset Switch: Activation of the system reset switch shall cause all local
electronically-latched initiating devices, software zones, output devices and
circuits, to return to their normal condition.
If an alarm condition(s) still exists, or if they reoccur in the system after system
reset switch activation, the system shall then resound the alarm conditions.
System Test Switch: Activation of the system test switch shall initiate an automatic
test of all intelligent/addressable detectors in the local system. The system test
shall activate the electronics in each intelligent sensor, simulating an alarm
condition and causing the transmission of the alarm condition from that sensor to
the fire alarm control panel. The fire alarm control panel shall interpret the data
from each sensor installed in the system. A report summarizing the results of this
test shall be displayed automatically on the system LCD and on any CRTs or
printers in the system.

Lamp Test Switch: Activation of the lamp test switch shall sequentially turn on all

LED indicators, system liquid crystal display and local piezo signal, and then

automatically return the fire alarm control panel to the previous condition.

Field Programming:

a.

The system shall be programmable, configurable and expandable in the field
without the need for special tools or electronic equipment and shall not require field
replacement of electronic integrated circuits.

All local FACP node programming shall be accomplished through the FACP
keyboard or through the video display terminal.

All field defined programs shall be stored in non-volatile memory.
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The programming function shall be enabled with a password that may be defined
specifically for the system when it is installed. Two levels of password protection
shall be provided in addition to a key-lock cabinet. One level is used for status
level changes such as zone disable or manual on/off commands. A second
(higher-level) is used for actual change of program information.

13.  Specific System Operations:

a.

Smoke Detector Sensitivity Adjust: Means shall be provided for adjusting the

sensitivity of any or all analog intelligent detectors in the FACP node from each

system keypad or from the keyboard of the video terminal. Sensitivity range shall

be within allowed UL limits.

Alarm Verification: Each of the intelligent addressable detectors in the system may

be independently selected and enabled for alarm verification. Each FACP shall

keep a count of the number of times each detector has entered the verification

cycle. These counters may be displayed and reset by the proper operator

commands.

System Point Operations:

1) All devices in the FACP node may be enabled or disabled through the local
keypad or video terminal.

2) Any FACP node output point may be turned on or off from the local system
keypad or the video terminal.

Point Read: The FACP node shall be able to display the following point status

diagnostic functions without the need for peripheral equipment. Each point will be

annunciated for the parameters listed:

1) Device Status

Device Type

Custom Device Label

Software Zone Label

Device Zone Assignments

Detector Analog Value

All Program Parameters

System Status Reports: Upon command from a password-authorized operator of

the system, a status report will be generated, and printed, listing all local FACP

system status.

System History Recording and Reporting: Each FACP node shall contain a history

buffer that shall be capable of storing a minimum of 400 system events. Each local

activation will be stored and time and date stamped with the actual time of the

activation, until an operator requests that the contents be either displayed or

printed. The contents of the history buffer may be manually reviewed, one event at

a time, and the actual number of activations may also be displayed and or printed.

JegLem

The history buffer shall use non-volatile memory. Systems which use volatile
memory for history storage are not acceptable.

Automatic Detector Maintenance Alert: Each FACP node shall automatically
interrogate each intelligent system detector and shall analyze the detector
responses over a period of time.

If any intelligent detector in the system responds with a reading that is below or
above normal limits, then the system will enter the trouble mode, and the
particular intelligent detector will be annunciated on the system display, network
display and printed on the optional system printer. This feature shall in no way
inhibit the receipt of alarm conditions in the system, nor shall it require any special
hardware, special tools or computer expertise to perform.

H. Addressable Devices — General:
1. Addressable devices shall use simple to install and maintain decade (numbered 1 to 10)
type address switches.
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10.

1.

12.

13.

Addressable devices which use a binary address setting method, such as a Dip switch,
are difficult to install and subject to installation error. This type of device is not an
allowable substitute.

Detectors shall be intelligent (analog) and addressable, and shall connect with two wires
to the FACP signaling line circuit.

Addressable smoke and thermal detectors shall provide dual alarm and power/polling
LEDs. Both LEDs shall flash under normal conditions, indicating that the detector is
operational and in regular communication with the control panel, and both LEDs shall be
placed into steady illumination by the control panel, indicating that an alarm condition has
been detected. If required, the LED flash shall have the ability to be removed from the
system program. An output connection shall also be provided in the base to connect an
external remote alarm LED.

Smoke detector sensitivity shall be set in the fire alarm control panel and shall be
adjustable in the field through the field programming of the system. Sensitivity may be
automatically adjusted by the panel on a time-of-day basis.

Using software in the FACP, detectors shall automatically compensate for dust
accumulation and other slow environmental changes that may affect their performance.
The detectors shall be listed by UL as meeting the calibrated sensitivity test requirements
of NFPA Standard 72, Chapter 7.

The detectors shall be ceiling-mount and shall include a separate twist-lock base with
tamper proof feature. Base shall include a sounder base with a built-in (local) sounder
rated at 85 DBA minimum, a relay base and an isolator base designed for Class A
applications.

The detectors shall provide a test means whereby they will simulate an alarm condition
and report that condition to the control panel. Such a test may be initiated at the detector
itself (by activating a magnetic switch) or initiated remotely on command from the control
panel.

Detectors shall also store an internal identifying type code that the control panel shall use
to identify the type of device (ION, PHOTO, THERMAL).

Detectors will operate in an analog fashion, where the detector simply measures its
designed environment variable and transmits an analog value to the FACP based on
real-time measured values. The FACP software, not the detector, shall make the
alarm/normal decision, thereby allowing the sensitivity of each detector to be set in the
FACP program and allowing the system operator to view the current analog value of each
detector.

A magnetic test switch shall be provided to test each detector for 100% obscuration,
reported to the FACP.

Addressable devices shall provide address-setting means using decimal switches and
shall also store an internal identifying code that the control panel shall use to identify the
type of device. LED(s) shall be provided that shall flash under normal conditions,
indicating that the device is operational and is in regular communication with the control
panel.

A magnetic test switch shall be provided to test detectors and modules. Detectors shall
report an indication of an analog value reaching 100% of the alarm threshold.

l. Addressable Pull Box (manual station):

1.

Addressable pull boxes shall, on command from the control panel, send data to the panel
representing the state of the manual switch and the addressable communication module
status. They shall use a key operated test-reset lock, and shall be designed so that after
actual emergency operation, they cannot be restored to normal use except by the use of
a key. Manual pull stations shall be of the double action type.

All operated stations shall have a positive, visual indication of operation and utilize a key
type reset.
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3. Manual stations shall be constructed of Lexan with clearly visible operating instructions
provided on the cover. The word FIRE shall appear on the front of the stations in raised
letters, 1.75 inches or larger.

4. Stations shall be suitable for surface mounting or semiflush mounting as shown on the
plans, and shall be installed not less than 42 inches, nor more than 48 inches above the
finished floor.

J. Intelligent Photoelectric Smoke Detector:
1. The detectors shall use the photoelectric (light-scattering) principal to measure smoke
density and shall, on command from the control panel, send data to the panel
representing the analog level of smoke density.

K. Intelligent Thermal Detectors:
1. Thermal detectors shall be intelligent addressable devices rated at 135 degrees
Fahrenheit (58 degrees Celsius) and have a rate-of-rise element rated at 15 degrees F
(9.4 degrees C) per minute. It shall connect via two wires to the fire alarm control panel
signaling line circuit. Up to 99 intelligent heat detectors may connect to one SLC loop.

L. Intelligent Duct Smoke Detector:

1. The in-duct smoke detector housing shall accommodate either an intelligent ionization
detector or an intelligent photoelectric detector, of that provides continuous analog
monitoring and alarm verification from the panel.

2. When sufficient smoke is sensed, an alarm signal is initiated at the FACP, and
appropriate action taken to change over air handling systems to help prevent the rapid
distribution of toxic smoke and fire gases throughout the areas served by the duct
system.

M.  Addressable Dry Contact Monitor Module:

1. Addressable monitor modules shall be provided to connect one supervised IDC zone of
conventional alarm initiating devices (any N.O. dry contact device) to one of the fire alarm
control panel SLC loops.

The monitor module shall mount in a 4-inch square, 2-1/8 inch deep electrical box.

The IDC zone may be wired for Style D or Style B operation. An LED shall be provided

that shall flash under normal conditions, indicating that the monitor module is operational

and in regular communication with the control panel.

4. For difficult to reach areas, the monitor module shall be available in a miniature package
and shall be no larger than 2-3/4 inch x 1-1/4 inch x 1/2 inch. This version need not
include Style D or an LED.

wn

N. Two Wire Detector Monitor Module:

1. Addressable monitor modules shall be provided to connect one supervised IDC zone of
conventional 2-wire smoke detectors or alarm initiating devices (any N.O. dry contact
device).

2. The two-wire monitor module shall mount in a 4-inch square, 2-1/8 inch deep electrical

box or with an optional surface backbox.

3. The IDC zone may be wired for Class A or B (Style D or Style B) operation. An LED shall
be provided that shall flash under normal conditions, indicating that the monitor module is
operational and in regular communication with the control panel.

0. Addressable Control Module:

1. Addressable control modules shall be provided to supervise and control the operation of
one conventional NACs of compatible, 24 VDC powered, polarized audio/visual
notification appliances. For fan shutdown and other auxiliary control functions, the control
module may be set to operate as a dry contract relay.
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2. The control module shall mount in a standard 4-inch square, 2-1/8 inch deep electrical
box, or to a surface mounted backbox.

3. The control module NAC may be wired for Style Z or Style Y (Class A/B) with up to 1 amp
of inductive A/V signal, or 2 amps of resistive A/V signal operation, or as a dry contact
(Form-C) relay. The relay coil shall be magnetically latched to reduce wiring connection
requirements, and to insure that 100% of all auxiliary relay or NACs may be energized at
the same time on the same pair of wires.

4. Audio/visual power shall be provided by a separate supervised power loop from the main
fire alarm control panel or from a supervised, UL listed remote power supply.
5. The control module shall be suitable for pilot duty applications and rated for a minimum of
.6 amps at 30 VDC.
P. Isolator Module:
1. Isolator modules shall be provided to automatically isolate wire-to-wire short circuits on

an SLC loop. The isolator module shall limit the number of modules or detectors that may
be rendered inoperative by a short circuit fault on the SLC Loop. At least one isolator
module shall be provided for each floor or protected zone of the building.

2. If a wire-to-wire short occurs, the isolator module shall automatically open-circuit
(disconnect) the SLC loop. When the short circuit condition is corrected, the isolator
module shall automatically reconnect the isolated section.

3. The isolator module shall not require any address-setting, and its operations shall be
totally automatic. It shall not be necessary to replace or reset an isolator module after its
normal operation.

4. The isolator module shall mount in a standard 4-inch deep electrical box or in a surface
mounted backbox. It shall provide a single LED that shall flash to indicate that the isolator
is operational and shall illuminate steadily to indicate that a short circuit condition has
been detected and isolated.

Q. LCD Alphanumeric Display Annunciator:

1. The alphanumeric display annunciator shall be a supervised, back-lit LCD display
containing a minimum of eighty (80) characters for alarm annunciation in clear English
text.

2. The LCD annunciator shall display all alarm and trouble conditions from either the
network node or complete network, via the INA.

3. Up to 32 LCD annunciators may be connected to a specific (terminal mode) EIA 485

interface. LCD annunciators shall not reduce the annunciation capacity of the system.
Each LCD shall include vital system wide functions such as, system acknowledge,
silence and reset.

4. LCD display annunciators shall mimic the local control panel 80 character display or
network annunciator and shall not require special programming.

R. Batteries and External Charger:

1. Battery:
a. Batteries shall be 12 volt, Gell-Cell type.
b. The battery shall have sufficient capacity to power the fire alarm system for not
less than 60 hours plus 15 minutes of alarm upon a normal AC power failure.
C. The batteries are to be completely maintenance free. No liquids are required. Fluid

level checks for refilling, spills and leakage shall not be required.

S. Speaker/Strobe Units:
1. One-way Tone/Voice Communication:
a. The evacuation alarm and alert signals shall be capable of being initiated
automatically from the fire alarm control panel (FACP) and transmitted to any
speaker circuit, selected speaker circuits or all speaker circuits.
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The alarm signal, alert signal and live voice announcements shall be capable of
manual transmission from the FACP to any speaker circuit, selected speaker
circuits or all speaker circuits by manual selection of the associated speaker circuit
control switches.

Live voice announcements, via the hand-held microphone or patched in warden

phone, by use of speaker control switches, shall take priority over all previously

activated alarm inputs. In addition to NFPA 72 requirements, the system shall be
capable of priority live voice announcements over subsequent alarm conditions. In
no case shall subsequent alarms disrupt emergency live voice announcements.

Alarm speaker amplification equipment shall be sized, as a minimum, to provide

the following wattage levels for each location type of alarm speaker:

1) Each floor alarm speaker: Provide one (1) watt of input power.

2) Each toilet alarm speaker: Provide one-half (1/2) watt of input power.

3) Each mechanical room alarm speaker: Provide two (2) watts of input power.

4) Each stairwell alarm speaker: Provide one-half (1/2) watt of input power.

Each elevator cab alarm speaker: Provide one-quarter (1/4) watt of input power.

As a minimum, alarm speaker amplification equipment shall be sized to provide the

above indicated wattage of input power to each location type of alarm speaker

shown on the Drawings, plus twenty-five percent (25%) spare capacity to permit
the addition of future alarm speakers.

Alarm speaker amplifiers shall be paired to provide 100% redundancy. One (1)

back-up alarm speaker amplifier shall be provided for each primary alarm speaker

amplifier. If any primary alarm speaker amplifier fails, its function shall be taken
over by its backup amplifier. Provide dedicated power amplifiers for each speaker
circuit (4 min.) with one dedicated backup.

Alarm tone and alert tone oscillators and pre-amplifiers shall be paired to provide

100% redundancy.

As a minimum, each stairwell shall be provided with a dedicated notification

appliance circuit.

As a minimum, the system shall be configured as a two (2) channel voice system.

Within the individual assembly occupancies in this project, an alarm received

during a program occupancy shall sound an alert alarm at a constantly attended

location and perform the following actions:

1) Deliver a field programmable, digitized custom evacuation message to the
occupants, detailing evacuation instructions.

2) A simultaneous message shall be delivered via all alarm speakers installed
in remainder of the building directing evacuation using exits other than the
assembly occupancy exit path.

3) Perform all control functions as detailed elsewhere in this specification

4) An automatic announcement or tone evacuation signal shall be capable of
interruption by the operation of the system microphone to give voice
evacuation instructions overriding the pre-programmed sequences

Visual Unit (Xenon Strobe):

1) Combination speaker strobe units - Provide Truealert Non-Addressable 75
Cd, Red Sync. 2-Wire. Comprised of a 24 VDC Xenon Flash Tube entirely
solid state. The unit shall require a sync. Control module. Provide True 75
Cd from all axis.

2) Combination speaker strobe units - Provide Truealert Non-Addressable 110
Cd, Red Sync. 2-Wire. Comprised of a 24 VDC Xenon Flash Tube entirely
solid state. The unit shall require a sync. Control module. Provide True 110
Cd from all axis.

3) Visual only — Provide Truealert Non-Addressable 15 Cd, Red Sync. 2-Wire
comprised of a 24 VDC Xenon flash tube entirely solid state.
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T.

Provide a digital communicator with point ID, UL listed and in accordance with local Fire
Department requirements and connect to telephone demarcation backboard with (2) CAT 6
telephone cables in 3/4”C for remote central station monitoring.

Exterior Strobe-unit:

Provide wall mounted, 24 VDL strobe, color red with WRR wall bracket.

Provide clear plastic covers with local audible alarm for pull stations in gym, locker rooms, etc.
and as indicated on drawings or required by Fire Department.

Magnetic Door Holders:

1.

Provide Semi-Flush Wall Mounted, or Floor Mounted, 24 V.D.C. with catch plate.

Key Repository Box:

1.

Provide a key repository box(es) in accordance with fire department requirements.

Field Quality Control

1.

Manufacturer's Field Services: Provide services of a factory-authorized service
representative to supervise the field assembly and connection of components and the
pretesting, testing, and adjustment of the system.

Service personnel shall be qualified and experienced in the inspection, testing, and
maintenance of fire alarm systems. Examples of qualified personnel shall be permitted to
include, but shall not be limited to, individuals with the following qualifications:

a. Factory trained and certified.

b. National Institute for Certification in Engineering Technologies (NICET) fire alarm
certified.

c. International Municipal Signal Association (IMSA) fire alarm certified.

d. Certified by a state or local authority.

e. Trained and qualified personnel employed by an organization listed by a national

testing laboratory for the servicing of fire alarm systems.

Pretesting: Determine, through pretesting, the conformance of the system to the

requirements of the Drawings and Specifications. Correct deficiencies observed in

pretesting. Replace malfunctioning or damaged items with new and retest until

satisfactory performance and conditions are achieved.

Final Test Notice: Provide a 10-day minimum notice in writing when the system is ready

for final acceptance testing.

Minimum System Tests: Test the system according to the procedures outlined in NFPA

72.

Retesting: Correct deficiencies indicated by tests and completely retest work affected by

such deficiencies. Verify by the system test that the total system meets the Specifications

and complies with applicable standards.

Report of Tests and Inspections: Provide a written record of inspections, tests, and

detailed test results in the form of a test log.

Final Test, Certificate of Completion, and Certificate of Occupancy:

a. Test the entire system 100% devices as required by the Authority Having
Jurisdiction in order to obtain a certificate of occupancy.

Provide 8 hours of customer training.
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217 SURGE PROTECTION
A. Scope
1. This section describes the materials and installation requirements for surge protective
devices (SPD) for the protection of all main service and panelboards.
B. Submittals
1. Submit shop drawings and product information for approval and final documentation in
the quantities listed according to the Conditions of the Contract. All transmittals shall be
identified by customer name, customer location, and customer order number.
2. Submittals shall include UL 1449 3rd Edition Listing documentation verifiable by visiting
www.UL.com, clicking “Certifications” link, searching using UL Category Code: VZCA and
VZCAZ2:
a. Short Circuit Current Rating (SCCR)
b. Voltage Protection Ratings (VPRs) for all modes
C. Maximum Continuous Operating Voltage rating (MCOV)
d. [-nominal rating (I-n)
e. SPD shall be UL listed and labeled as Type 1 or Type 4 intended for Type 1 or
Type 2 applications
3. Upon request, an unencapsulated but complete SPD formally known as TVSS shall be
presented for visual inspection.
4. Minimum of ten (10) year warranty
C. Related Standards
1. IEEE C62.41.1, IEEE Guide on the Surge Environment in Low-Voltage (1000 V and
Less) AC Power Circuits,
2. IEEE C62.41.2, IEEE Recommended Practice on Characterization of Surges in Low-
Voltage (1000 V and Less) AC Power Circuits,
3. IEEE C62.45, IEEE Recommended Practice on Surge Testing for Equipment Connected
to Low-Voltage (1000 V and Less) AC Power Circuits.
4. National Electrical Code: Article 285
5. UL 1283 - Electromagnetic Interference Filters
6. UL 1449, Third Edition, effective September 29, 2009 — Surge Protective Devices
D. Quality Assurance
1. Manufacturer Qualifications: Engage a firm with at least 5 years experience in
manufacturing transient voltage surge suppressors.
2. Manufacturer shall be ISO 9001 or 9002 certified.
3. The manufacturer of this equipment shall have produced similar electrical equipment for
a minimum period of ten (10) years. When requested by the Engineer, an acceptable list
of installations with similar equipment shall be provided demonstrating compliance with
this requirement.
4. The SPD shall be compliant with the Restriction of Hazardous Substances (RoHS)
Directive 2002/95/EC.
E. Delivery, Storage and Handling

1.

Handle and store equipment in accordance with manufacturer's Installation and
Maintenance Manuals. One (1) copy of this document to be provided with the equipment
at time of shipment.
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Manufacturers

1.

Provide an internally mounted Surge Protective Devices (SPD) formerly called Transient
Voltage Suppressor (TVSS) by:

~0ooow®

Siemens Industry.
Current Technology
LEA

Liebert

APT

Or equal

Electrical Distribution Equipment

1.

Service Entrance

a.

pooo

SPD shall be UL 1449 labeled as Type 1 or Type 4 intended for Type 1 or Type 2

applications, verifiable at UL.com, without need for external or supplemental

overcurrent controls. Every suppression component of every mode, including N-G,

shall be protected by internal overcurrent and thermal overtemperature controls.

SPDs relying upon external or supplementary installed safety disconnectors do not

meet the intent of this specification.

SPD shall be factory installed integral to electrical distribution equipment.

SPD shall be UL labeled with 20kA I-nominal (I-n)

SPD shall be UL labeled with 200kA Short Circuit Current Rating (SCCR).

Standard 7 Mode Protection paths: SPD shall provide surge current paths for all

modes of protection: L-N, L-G, L-L, and N-G for Wye systems; L-L, L-G in Delta

and impedance grounded Wye systems.

True 10 Mode Protection paths: SPD shall provide “directly connected protection

elements” between all possible modes of protection: L-N, L-G, L-L, and N-G for

Wye systems; L-L, L-G in Delta and impedance grounded Wye systems.

SPD shall be connected external of the distribution equipment with an

appropriately sized 200kA SCCR rated disconnect.

SPD shall meet or exceed the following criteria:

1) Maximum 7-Mode surge current capability shall be [300kA] [400kA] [500kA]
per phase.

2) Maximum 10-Mode surge current capability shall be [300kA] [450kA] per
phase.

3) UL 1449 - Third Edition Revision; effective September 29, 2009 Voltage
Protection Ratings shall not exceed the following:

VOLTAGE LN LG NG LL MCOV
208Y/120 800V 800V 800V 1200V 150V
480Y/277 1200V 1200V 1200V 2000V 320V

UL 1449 Listed Maximum Continuous Operating Voltage (MCOV) (verifiable at
UL.com):

Allowable System Voltage Fluctuation

System Voltage (%) MCOV
208Y/120 25% 150V
480Y/277 15% 320V

SPD shall incorporate a UL 1283 listed EMI/RFI filter with minimum attenuation of -
50dB at 100 kHz.

Suppression components shall be heavy duty ‘large block’ MOVs, each exceeding
30mm diameter.
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SPD shall include a serviceable, replaceable module.
SPD shall be equipped with the following diagnostics:
1) Visual LED diagnostics including a minimum of one green LED indicator per
phase, and one red service LED.
2) Audible alarm with on/off silence function and diagnostic test function
(excluding branch).
3) Form C dry contacts
4) Optional — Surge Counter
5) No other test equipment shall be required for SPD monitoring or testing
before or after installation.
SPD shall have a response time no greater than 1/2 nanosecond.
SPD shall have a 10 year warranty.
ution Panel
SPD shall be UL 1449 labeled as Type 4 intended for Type 1 or Type 2
applications, verifiable at UL.com, without need for external or supplemental
overcurrent controls. Every suppression component of every mode, including N-G,
shall be protected by internal overcurrent and thermal overtemperature controls.
SPDs relying upon external or supplementary installed safety disconnectors do not
meet the intent of this specification.
SPD shall be factory installed integral to electrical distribution equipment.
SPD shall be UL labeled with 20kA I-nominal (I-n)
SPD shall be UL labeled with 200kA Short Circuit Current Rating (SCCR).
Standard 7 Mode Protection paths: SPD shall provide surge current paths for all
modes of protection: L-N, L-G, L-L, and N-G for Wye systems; L-L, L-G in Delta
and impedance grounded Wye systems.
SPD shall be connected to the buss of the distribution equipment with an
appropriately sized 200kA SCCR rated disconnect.
SPD shall meet or exceed the following criteria:
1) Maximum 7-Mode surge current capability shall be 100kA per phase.
2) Maximum 10-Mode surge current capability shall be 150kA per phase.
3) UL 1449 - Third Edition Revision; effective September 29, 2009, Voltage
Protection Ratings shall not exceed the following:
VOLTAGE L-N L-G N-G L-L MCOV
208Y/120 800V 8oov 800V 1200V 150V
480Y/277 1200V 1200V 1200V 2000V 320V
UL 1449 Listed Maximum Continuous Operating Voltage (MCOV) (verifiable at
UL.com):

Allowable System Voltage Fluctuation

System Voltage (%) MCOV
208Y/120 25% 150V
480Y/277 15% 320V

SPD shall incorporate a UL 1283 listed EMI/RFI filter with minimum attenuation of -

50dB at 100 kHz.

Suppression components shall be heavy duty ‘large block’ MOVs, each exceeding

30mm diameter.

SPD shall include a serviceable, replaceable module.

SPD shall be equipped with the following diagnostics:

1) Visual LED diagnostics including a minimum of one green LED indicator per
phase, and one red service LED.

2) Audible alarm with on/off silence function and diagnostic test function
(excluding branch).

3) Form C dry contacts

ELECTRICAL
260000 - 44



omr architects inc.
AUGUST 15, 2012

H.

Installation
1.

m.

n.

CONCORD CARLISLE HIGH SCHOOL
CONCORD, MA

4) Optional — Surge Counter
No other test equipment shall be required for SPD monitoring or testing
before or after installation.

SPD shall have a response time no greater than 1/2 nanosecond.

SPD shall have a 10 year warranty.]

Branch Panels

a.

b.

C.

Tos3 T AT

The panelboard shall be UL 67 Listed and the SPD shall be UL 1449 labeled as
Type 1 or as Type 4 intended for Type 1 or Type 2 applications.
The unit shall be top or bottom feed according to requirements. A circuit directory
shall be located inside the door.
SPD shall meet or exceed the following criteria:
1) Maximum 7-Mode surge current capability shall be 100kA per phase.
2) Maximum 10-Mode surge current capability shall be 150kA per phase.
3) UL 1449 - Third Edition Revision; effective September 29, 2009, Voltage
Protection Ratings shall not exceed the following:
VOLTAGE L-N L-G N-G L-L MCOV
208Y/120 800V 8oov 800V 1200V 150V
480Y/277 1200V 1200V 1200V 2000V 320V
UL 1449 Listed Maximum Continuous Operating Voltage (MCOV) (verifiable at
UL.com):

Allowable System Voltage Fluctuation

System Voltage (%) MCOV
208Y/120 25% 150V
480Y/347 15% 320V

SPD shall incorporate a UL 1283 listed EMI/RFI filter with minimum attenuation of -

50dB at 100 kHz.

Suppression components shall be heavy duty ‘large block’ MOVs, each exceeding

30mm diameter.

SPD shall include a serviceable, replaceable module.

SPD shall be equipped with the following diagnostics:

1) Visual LED diagnostics including a minimum of one green LED indicator per
phase, and one red service LED.

2) Audible alarm with on/off silence function and diagnostic test function
(excluding branch).

3) Form C dry contacts

4) Optional — Surge Counter
No other test equipment shall be required for SPD monitoring or testing
before or after installation.

SPD shall have a response time no greater than 1/2 nanosecond.

SPD shall have a 10 year warranty.

The unit shall have removable interior.

The main bus shall be [copper] [aluminum] and rated for the load current required.

The unit shall include a 200% rated neutral assembly with copper neutral bus.

The unit shall be provided with a safety ground bus.

The field connections to the panelboard shall be main lug or main breaker.

The unit shall be constructed with flush or surface mounted trim and shall be in a

NEMA Type 1 enclosure.

Install per manufacturer’'s recommendations and contract documents.

Adjustments and Cleaning
Remove debris from installation site and wipe dust and dirt from all components.
Repaint marred and scratched surfaces with touch up paint to match original finish.

1.
2.
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J. Testing
1. Check tightness of all accessible mechanical and electrical connections to assure they
are torqued to the minimum acceptable manufacture’s recommendations.
2. Check all installed panels for proper grounding, fastening and alignment.
K. WARRANTY
1. Equipment manufacturer warrants that all goods supplied are free of non-conformities in

2.18

workmanship and materials for one year from date of initial operation, but not more than
eighteen months from date of shipment.

AUTOMATED LIGHTING CONTROL SYSTEM

Introduction

1. The work covered in this section is for a SQD Powerlink G3-3000 (or equal by GE, Eaton,
Siemens or others) level lighting control system or approved equal, web based and is
subject to all the requirements in the General Conditions of the Specifications.

2. The contractor shall coordinate all of the work in this section with all of the trades covered
in other sections of the specification to provide a complete and operable system.

Description of Work

1. The extent of the lighting control system work is indicated by the drawings and by the
requirements of this section. It is defined to include, but not by way of limitation:
a. Panelboards containing remotely operable circuit breakers
b. Control electronics for switching circuit breakers and monitoring the status of the
system
C. Associated low voltage switches, occupancy sensors and external time clocks
d. Any work stations, software and communications hardware
2. System installation includes the following:
a. Wiring of main and branch circuit conductors
b. Installation of external control devices and wiring to the panelboard controller
c. Installation of communications conductors and associated hardware

Quality Assurance

1. Manufacturers: Firms engaged in the manufacture of lighting control equipment and
ancillary equipment, of the types indicated, whose products have been in satisfactory use
in similar service for not less than five years.

2. Component Testing: All electronic component board assemblies are to be factory tested
and burned in prior to installation.
3. System Support: Factory fax/telephone/email support shall be available free of charge

during normal business hours.

4. NEMA Compliance: Comply with applicable portions of NEMA standards pertaining to
types of electrical equipment and enclosures.

5. NEC Compliance: Comply with applicable portions of the NEC including Articles 110-10

and 725.
6. UL Compliance: Comply with applicable UL standards for panelboards, circuit breakers
and energy management equipment.
7. FCC Emissions: All assemblies are to be in compliance with FCC emissions Standards
specified in Part 15, Subpart J for Class A applications.
8. IEC 1000: Electronic components shall meet or exceed levels specified below:
a ESD Immunity IEC 1000, Level 4
b. RF Susceptibility IEC 1000, Level 3
C. Electrical Fast Transient Susceptibility IEC 1000, Level 3
d Electrical Surge Susceptibility—power line IEC 1000, Level 4
e Electrical Surge Susceptibility—interconnection lines IEC 1000, Level 3
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9. ISO 9002: Manufacture of hardware and software components shall be registered as ISO
9000 compliant.
D. Warranty
1. Manufacturer shall warrant specified equipment to be free from defects in materials and

workmanship for at least one year from the date of acceptance.

E. Submittals

1.

2.

3.

4.

Product Data Sheets: Submit manufacturer's data sheet for the lighting control system
and specified components

Panel Drawings: Submit manufacturer's dimensional drawings and circuit breaker
placement locations for each panelboard.

One Line Diagram: Submit a one-line diagram of the system configuration proposed if it
differs from that illustrated in the riser diagram included in these specifications.

Typical Wiring Diagrams: Submit typical connection diagrams for all components
including, but not limited to, panelboards, low voltage switches, occupancy sensors, light
level controllers, communications devices, and personal computers.

F. Automated Lighting Control System

1.

The ALCS shall consist of microprocessor-based control electronics with remotely

operated circuit breakers mounted to a ULG7 listed lighting panelboard interior and

enclosed in a UL50 listed panelboard enclosure. The circuit breakers shall provide

overcurrent protection, and have an AIR rating or series connected rating that meets or

exceeds the fault current of the system to which the panelboard is being applied.

Each master control panel shall meet or exceed the following capabilities:

a. Sixteen (16) 2-wire input terminals for connection to external low voltage switch
contacts.

b. Capable of remotely controlling 168 branch circuits in a master/slave configuration.

C. Provide true status feedback by monitoring branch circuit breaker status based on
actual system voltage at load side terminal.

d. Accept remote commands via network connection.

All lighting control components shall be installed in a conventional panelboard 20 inches

wide or column-width enclosures (as noted on drawings). Suitable barriers shall be

installed to separate Class 2 wiring from power conductors.

G. Hardware

1.

2.

To minimize space requirements, the remotely operated circuit breakers and electronics

shall be integral to the lighting panelboard.

Remotely Operated Circuit Breakers—all remotely operated branch circuit breakers shall

provide overload and short circuit protection suitable for the location in the electrical

system, as defined in the panelboard schedules. Remotely operated power switching
devices shall have the following:

a. Integral branch circuit overcurrent protection as required by the National Electrical
Code (NEC). All circuit breakers shall have a UL Listed interrupting rating sufficient
for the application or shall have UL Listed series connected ratings for the
maximum available fault current at that point in the system. Submittals reflecting
the use of relays or contactors to perform remote switching must show evidence in
writing that the relay can safely withstand the available fault current.

b. UL Listed SWD ratings for 15A and 20A 1-, 2- and 3-pole branch devices, HID
ratings, and HACR ratings.

C. Handle operator that shall mechanically open the power switching device contacts
when moved to the OFF position and disable the contacts from being remotely
closed.

d. Manual override switch to enable or disable the remote operation of the device.
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Visible flag that clearly indicates the status of the circuit breaker contacts with the
panel trim installed. Flag shall indicate: ON, OFF, and TRIPPED circuit breaker
states. The visible flag shall be mechanical in nature, directly tied to the circuit
breaker mechanism, and shall be provided in addition to any status indicator
supplied by the system electronics.

Switching endurance rating of 200,000 open/close remote operations. Switching

devices with lower ratings may be judged to be acceptable, but must be provided

with [100%] [200%] spare switching devices for each circuit to ensure an
equivalent total number of operations.

Panel controllers shall incorporate a web-enabled server for displaying information

over a standard web browser. Web-accessible information shall include:

1) A secure, password protected login screen for modifying operational
parameters to ensure only authorized access. Password administration
shall be accessible to authorized users via web page interface.

2) Separate web pages for each panel with the arrangement of breakers on the
page matching the physical appearance of the panel. Panel status pages
shall also include breaker nametags, pole configuration, location in panel,
and actual contact state (On/Off/Tripped/Manual) for the master panel and
each associated slave panel. The web page shall also provide the ability to
observe breaker On-time and blink information in real time.

3) Panel summary showing the master and all slave panels connected to the
controller.

4) Controller summary showing controller diagnostic information.

5) For a consistent user interface provide remote front panel mimic screens for
setting up controller parameters, input types, zones, and operating
schedules. Mimic screens shall also allow direct breaker control and zone
overrides.

6) The user interface shall share a common “look and feel” between panels
and other web-enabled distribution equipment.

Each master controller shall incorporate an alarm and automated e-mail

notification service. These services shall be capable of automatically initiating

alarms based on preconfigured conditions and routing alarm alerts as directed by
the customer. Customer shall furnish a list of alarms to be configured and email
addresses to receive each alarm.

1) Alarms shall be configurable for the following parameters:

2) Global alarms: power loss, non-responding breakers, loss and restoration of
sub-net communications, loss and restoration of serial port communications,
loss and restoration of Modbus TCP Ethernet commands.

3) Specific alarms: input status, zone status, breaker status on-time (0 to
99999 hours) and strike counter.

4) Email notification service shall include the ability to automatically route an
email message to five individual email addresses. Within the body text of
the email, provide a link that will automatically redirect the user to the
associated panels’ status web page.

Each panel controller shall incorporate a time synchronization service to update

controller clock to a network time server. Time serve shall incorporate both a

primary and secondary source. Update interval shall setable from 1 to 24 hours.
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Lighting Control Electronics—Master Panelboards

a.

Panels used as master panels shall contain both a power supply module and
controller in the indicated spaces. Master panels provide power and control for
operating and monitoring remotely operated branch circuit breakers connected to
control busses located in master and slave panelboards. One power supply
module and controller shall support up to eight (8) control busses. Master panels
shall contain a nameplate label, located on the panel trim indicating its designation,
automation level network address, and the designations and addresses of all
associated slave panels connected to its sub-net.
A power supply module shall be furnished to provide control power for the
operation of the remotely operated circuit breakers, controller, bus system and low
voltage inputs. Power module(s) shall connect directly to the panel interior and
receive line voltage from the panel bus. Power module(s) shall be internally self-
protected and operate within a range of —15% to +10% of its nominal line voltage
rating.

The controller shall operate whenever voltage is within the power supply operating

range. In the event of incoming power outage, the controller shall automatically

halt execution in a safe manner. Upon return of power, the controller shall
automatically reboot and return to normal system operation. The controller shall
include the following:

1) Integral keypad and LCD front panel for local setup. Front panel setup shall
permit local input setup and creation of time schedules without requiring
separate PC-based software.

2) RS232 serial communications interface to permit local connection to
personal computer without having to remove panel trim.

3) Non-volatile memory to retain all setup and configurations.

4) Eight (8) three-wire input terminals configurable for either eight (8) three-
wire momentary operation, or sixteen (16) two-wire, or (8) two-wire
operation with status feedback. All configurations shall allow either
momentary or maintained control devices to be attached without providing
any external control power.

5) An auxiliary power source for powering external control devices such as
occupancy sensors, low voltage photo sensors, and pilot LEDs, as indicated
on drawings.

6) Programmable input timers to permit timed override periods.

7) Adjustable blink notice assignable to any remotely operated circuit
breaker(s) connected to the system.

8) Capability for accepting downloadable firmware so that the latest production
features may be added in the future without replacing the module.

Time scheduler shall provide, at minimum, the following:

1) Sixteen (16) independent schedules, each having twenty-four (24) time
periods.

2) Clock configurable for 12-hour (AM/PM) or 24-hour format.

3) Schedule periods settable to the minute.

4) 365-day calendar, with automatic daylight savings and leap year
adjustments.

5) Day-of-week, day-of-month, day-of-year with one-time or repeating
capability.

6) Thirty-two (32) special date periods.

7) Astronomical tracker to automatically adjust sunrise and sunset times
throughout the year.

Each master controller shall have the capability of communicating to another

master controller in a peer-to-peer configuration.

1) Each input connected to the controller shall be capable of controlling any
branch circuit connected to any other controller.
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4.

2) A schedule programmed in one controller shall be capable of controlling any
branch circuit connected to any other controller.

f. Master controllers shall have the capability of configuring either local or remote
sources in an “AND”, “OR”, or “LAST EVENT” configuration. Sources shall include,
but not be limited to, inputs, time schedules, or status. Up to four sources shall be
permitted in a custom configurable logic arrangement.

Lighting Control Electronics—Slave panels (slave panels shall be allowed only when

housed in same room as master panels)

a. Panels marked as slave panels shall contain the necessary busses and network
hardware to allow connection of the sub-net wiring between panels.

b. Sub-net wiring connections shall allow connection of wiring to a terminal that can
be removed from the panel without interrupting the communications to other
panels.

C. Slave panels shall contain a nameplate label attached to the deadfront trim
indicating the panel designation, network address of the panel, and the panel
designation of the associated master panel.

H. Networks

1.

Future integration and service shall be promoted by using only open communication
protocols between lighting control panels. An open protocol is one that has specifications
published in the public domain and that is used by more than 10 manufacturers.
Modbus, Modbus (TCP/IP), DMX, BACnet are considered acceptable. Submittals listing
any other protocol will not be considered unless they demonstrate that these criteria are
met. The same open protocol shall be used over all media that are part of the system,
including serial busses, the LAN, or other connections.

Installation of additional special purpose networks shall be minimized by using the
existing facility Ethernet LAN to connect various lighting panels or groups of lighting
panels as shown on the drawings. Equipment shall be compatible with industry standard
TCP/IP protocols.

Power Monitoring metering devices as shown on the drawings shall connect using the
same network as the lighting control panels. The controller shall support a pass-through
mode for Modbus connected meters whereby the information is automatically ported to
the Modbus TCP/IP port without separate gateway devices.

Provide sub-net wiring between master and slave panels as indicated on the drawings.
Sub-net wiring shall permit slave panels to receive power and control data from the
master panelboard. No more than eight (8) bus rails shall be connected to the sub-net.
Sub-net communications shall follow Class 1 wiring practices. Communications
conductors shall be Belden 27326 or equal having the same voltage rating as the branch
circuit conductors. Wiring distances shall not exceed the manufacturer's
recommendations.

Communications wiring to master panels shall use Category 5 cabling. Installing
contractor shall coordinate work with the network administrator to assure that proper
connection points are available. The installing contractor shall also secure one static IP
address for each master controller.

l. Configuration Software

1.

Configuration software shall be designed specifically for the lighting control system and
supported by the manufacturer. Software shall support system configuration and
monitoring and control functions in a Windows environment.

For basic setup and control, the software shall serve as a configuration and diagnostic
utility. Basic features shall include support for configuring inputs, zones, circuit breaker
actions, and time schedules. Software shall be able to monitor the status of the system
and provide visual indication of input status, circuit breaker status, and operational
parameters. Software shall be able to establish connections to the system through a
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controller front port, RS232 port, RS485 port, and Ethernet port. Support for remote
system dial-up shall be incorporated into the software package.

3. Coordinate with Owner for Owner furnished suitable PC to host software. Install software
as required. Lighting control system shall be web-based. Provide required wiring and

outlets to connect to Owner’s network.

J. The Automated Lighting Control System (ALCS) BACnet Interface shall share the following
information the BACnet enabled Building Automation System and other building systems as

required:
PROPERTY BACnet TYPE
Light Zone State Binary Value*®
Light Zone Dimming Analog Value*
Fire Alarm State Binary Input
Occupancy State Binary Output
Sheddable Load Analog Output
Shed Status Analog Output
Shed Request Analog Input

Sheddable Load (Group) Analog Output

Shed Status (Group) Analog Output

Shed Request (Group) Analog Input

DESCRIPTION

State of the defined lighting zone - ON
or OFF

Light output level of the defined lighting
zone, from 100% (maximum light
output) to 0% (minimum light output)

State of the fire alarm system: alarm
activated or alarm not activated

State of the defined occupancy sensor —
occupancy detected or not detected

Reports the total lighting load available
for load reduction according to ALS,
defined in Watts

Reports the total current load reduction
achieved according to ALS defined
prioritization, defined in Watts

Requested total amount of load
reduction, defined in Watts or as a
percentage of sheddable load

(As above, unprioritized for the selected
group)

(As above, unprioritized for the selected
group)

(As above, unprioritized for the selected
group)

1. Occupied Mode Functionality: The ALCS shall not isolate occupants by turning off lights
that are still required for convenience and safety, such as a hallway path to exit the

premises.

a. Time Clock Scheduling: The ALCS shall be programmable for scheduling lights on

or off.

1) Override: Manual adjustments and occupancy sensor detection shall
temporarily override off status imposed by time clock schedule.
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2) Response to Power Failure: In the event of a power failure, the time clock
shall execute schedules that would still be in progress had they begun
during the power outage. All life safety lighting shall be brought to maximum
light output until utility power is restored.

3) Flick warning: Ten minutes prior to a scheduled lights-off event or expiry of
a temporary override, the System shall provide two short light level drops as
a warning to the affected occupants.

Load Shed: An automatic load shedding function shall be available where, when
activated through the ALCS, the control unit will reduce its output to a
programmable maximum electrical demand load. The ALCS shall not shed more
load than required and load shedding priority shall be centrally configurable by
zone. The individual user shall retain the ability to override ALCS light levels
below the load shedding levels only. Load shedding levels shall be as indicated on
the lighting plans or as required by the owner during system setup and
commissioning.

Emergency: There shall be a function, when activated through the ALCS, that will

immediately adjust lights to full light output and retain that level until the mode is

deactivated. This setting shall override all other inputs. This mode shall be
activated whenever the building fire alarm detection system is in alarm or normal
utility power has been lost.

2. Unoccupied Mode Functionality: The ALCS shall provide two states when occupancy
status is vacant as per an occupancy sensor: lights turn off or lights adjust to configurable
light level.

a.

Time Clock Scheduling: The ALCS shall be programmable for scheduling lights on

or off.

1) Override: Manual adjustments and occupancy sensor detection shall
temporarily override off status imposed by time clock schedule.

2) Response to Power Failure: In the event of a power failure, the time clock
shall execute schedules that would still be in progress had they begun
during the power outage.

3) Flick warning: Ten minutes prior to a scheduled lights-off event or expiry of
a temporary override, the System shall provide two short light level drops as
a warning to the affected occupants.

Emergency: There shall be a function, when activated through the ALCS, that will

immediately adjust lights to full light output and retain that level until the mode is

deactivated. This setting shall override all other inputs. This mode shall be
activated whenever the building fire alarm detection system is in alarm.

K. Provide 8 hours of Owner training after programming is complete. Provide 8 hours of owner
training at end of job.

2.19 LADDER TRAY/WIREWAYS

A. Provide 12" wide aluminum ladder tray with 6" rung spacing with 4" side rail. Ladder tray shall
be as manufactured by B-Line. “Ladder Type”. Provide all hangers required.

B. Wireway:

1. This specification covers NEMA type 1 wireway used to house ad protect communication
cable. The wireway system shall consist of wireway and appropriate fittings to complete
the installation per the electrical drawings.
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2.20

2. Metal wireway (NEMA type 1) is to be utilized in dry interior locations only as covered in
article 362 part a of the national electrical code, as adopted by the national fire protection
association and as approved by the American National Standards Institute. The
wiremold ¢” or “sp” series is listed by underwriters’ laboratories under file no. E137690
guide zoyx.

3. The wireway system specified herein shall be the “c” or “sp” system as manufactured by
the wiremold company. Systems of other manufacturers may be considered equal if, in
the opinion, and the written approval of the engineer, they meet all the performance
standards specified herein.

4. The wireway and all system components must be UL Listed in full compliance with their
standard ul870, “electrical wireways, auxiliary gutters and associated fittings”. It shall be
manufactured from 16-gauge cold rolled steel, finished in ASA 61 gray powder coat paint.
All sizes larger than 6” x 6” shall be manufactured from 14-gauge cold rolled steel,
finished in ASA 61 gray powder coat paint. A factory installed divider shall be available to
separate power and low voltage wring housed n the same wireway sections.

5. A full compliment of fittings for the raceway shall be available including, but not limited to,
45 degrees and 90 degrees flat, vertical inside and outside elbows, tee and cross fittings,
couplings for joining sections of wireway, reducers, hangers, end blanks, a field installed
divider and all other components necessary to make the system workable. The fittings
shall have an ASA 61 gray powder coat paint finish to match the wireway.

6. Prior to and during installation, refer to system layout drawing containing all elements of
the system. Installer shall comply with detailed manufacturer’s instruction sheets which
accompany system components as well as complete system instruction sheets,
whichever is applicable.

7. All wireway systems shall be mechanically continuous and connected to all electrical
boxes and cabinets, in accordance with manufacturer’s installation sheets.
8. All connections shall be checked to make sure they are correctly tightened and to insure

that all wireway shall be electrically continuous and bonded in accordance with the
national electric code for proper grounding.

9. All wireway systems shall be installed complete. Work shall include fastening all wireway
and appropriate fittings to install a complete wireway system as indicated on the electrical
and/or communication drawings and in the applicable specifications

DUAL TECHNOLOGY CEILING OCCUPANCY SENSORS:

Occupancy sensors shall be capable of detecting occupants within the coverage area
designated via detection of a doppler shift in the transmitted ultrasonic sound wave and a
change in the infrared heat present. Major motion and minor motion shall cause the controlled
load to switch to the “ON” mode.

Occupancy sensors shall provide multiple options for initial sensing and confirmation of an
occupant so as to conform to environmental factors. Initial detection may be made by either
technology or may require both technologies to switch the load to “ON”.

Ultrasonic sensor component shall operate at 32.7 kHz and shall be controlled by a quartz
crystal oscillator within 0.005 percent. Ultrasonic sensors shall not cause interference with
other sensors when mounted within the same area of coverage.

Ultrasonic sensor component shall have dedicated transducers for transmission and reception
which are temperature and humidity resistant. Ultrasonic receivers shall be temperature and
humidity resistant with less than a 6 dB shift in the humidity range of 10 percent — 90 percent
and less than a 10 dB shift in the temperature range of —20 to 60 C.
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E. Passive infrared sensor component shall use a multi-level 100 segment Fresnel lens and four
pyroelectric detectors to insure adequate PIR coverage of the intended area.

F. Occupancy sensors shall have on override to “ON” bypass logic key in the event of sensor
failure.

G. Occupancy sensors are to be ceiling mounted using a back mounting plate and standard
electrical outlet boxes.

H. Occupancy sensors shall have 4 LED’s to indicate proper operation and to confirm walk test
detection. Ultrasonic detection shall be represented by a set of green LED’s. Passive infrared
detection shall be represented by a set of red LED’s.

l. Occupancy sensors shall have an additional single pole double throw isolated relay with
normally open, normally closed and common output rated at 1A@24VDC/120VAC.

J. Occupancy sensors shall be designed to eliminate nuisance tripping from RFI and EMI.
K. Occupancy sensors may be wired in parallel with up to 2 sensors per powerpack.

L. Provide power pack to derive operating voltage for sensor and to switch 20 amperes of ballast-
type lighting load; power pack shall be suitable for use in air-handling plenums.

M. Occupancy sensors shall cover up to 2000 sq. ft. for walking motion, with a field of view of 360
degrees for classrooms and large spaces and cover up to 900 square feet for offices, toilets,
conference rooms, etc.

N. Occupancy sensors shall have a user adjustable sensitivity.

0. Occupancy sensors shall operate on 24 VDC; supplied by #211-1, #212-1 or #213-1 power
packs, current draw @ 33mA (EMS version current draw is 50 mA).

P. Occupancy sensors shall be compatible with electronic ballasts, compact fluorescent, and
inductive loads.

Q. Occupancy sensors shall have a standard 5 year warranty and shall be UL listed.

R. Acceptable Manufacturers:

1. Hubbell
2. Wattstopper
3. Sensor Switch
4, Or equal
S. Identify wiring devices with circuit number as required in Section 26 0553, Identification for

Electrical Systems.
T. Inspect each wiring device for defects before installing.

u. Adjust time-out controls each occupancy sensing light switches to the following settings:

1. Classrooms, private offices, open offices, laboratories, and restrooms: longest time out
setting, but not more than 30 minutes.
2. Break rooms, storage rooms, and copy machine rooms: 5-minute time-out setting.
3. Conference rooms: 10-minute time-out setting.
ELECTRICAL
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4. Corridors and lobbies: 15-minute time-out setting.
V. Adjust ambient light sensor in occupancy sensors to hold off or reduce the electric lighting when

2.21

daylighting exceeds 80% of the design illuminance at the work area. (For example, in an office
with a design illuminance of 50 footcandles, the ambient light sensor should keep the lights off
as long as the daylighting exceeds 40 footcandles.

SEALS

Water Tight Seals
1. Conduits entering from the exterior or below grade shall have water tight fittings on the
outside and on the inside of the conduit.

a. Fittings on the outside of the conduit shall be O-Z Gedney type FSK or equal.
Provide type WSK if penetration is within two feet of the high water table. Provide
grounding attachment.

b. Fittings on the inside of the conduit shall be O-Z Gedney type CSBI or equal.
Provide type CSBG if penetration is within two feet of the high water table. Provide
a blank fitting to seal spare or empty conduits.

C. O-Z Gedney type CSM fitting may be used when sealing within a sleeve or cored
hole.
2. Submit on seals to be used.

Environmental Seals

1. Provide seals on raceways exposed to widely different temperatures, as in refrigerating
or cold storage areas. Install seal to prevent circulation of air from warmer to colder
sections through the raceway.

Hazardous Area Seals
1. Provide explosion proof seals as required by the Electric Code for the following areas.
2. Explosion proof exhaust fans.

Smoke and Fire Stopping Seals

1. Provide a seal around raceways or cables penetrating full height walls (slab to slab),
floors or ventilation or air handling ducts so that the spread of fire or products of
combustion shall not be substantially increased.

2. Penetrations through fire-resistant-rated walls, partitions, floors or ceilings shall be
firestopped using approved methods and NRTL listed products to maintain the fire
resistance rating.

3. Fire stopping in sleeves or in areas that may require the addition or modification of
installed cables or raceways shall be a soft, pliable, non-hardening fire stop putty. Putty
shall be water resistant and intumescent. Provide for all sleeves and raceways.

4. Firestopping in locations not likely to require frequent modification shall be NRTL listed
putty, caulk or mortar to meet the required fire resistant rating.

5. Box penetrations into a fire rated wall or shaft shall have a fire stopping pad installed on
the back of the box.

6. Firestopping of cable trays or busways through walls shall be within a non-hardening

putty or with seal bags.

7. Firestopping materials shall be NRTL listed to UL 1479 (ASTM E814). Installation
methods shall conform to a UL firestopping system. Submit specifications and
installation drawings for the type of material to be used. Firestopping materials shall be
as manufactured by 3M, International Protective Coatings Corp., RayChem or equal.
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2.22 UNDERGROUND DUCTBANKS

A. General: Furnish and install the ductbanks as herein specified and as shown on drawings.

B. Division of Work:

1. The General Conditions shall be responsible for the work and material required for the

following:

a. Excavation

b. Backfill

C. Installation of handholes/manholes

d. Brick or concrete collars to bring handhole frames and covers up to grade.
Installation of frames and collars which are to be furnished by the Electrical
Contractor.

e. Concrete Encasement

2. All other material, equipment, and labor required for the complete ductbank shall be
furnished and installed by the Electrical Contractor under this Section, including the
following:

a. Service raceways.
b. Grounding material.
C. Ductbank warning tape.
d. Furnishing pre-cast handholes/manholes.
e. Conduit spacers.
C. Materials:

1. Conduit: UL listed, schedule 40 PVC in accordance with NEMA standard TC-2.

2. See BASIC MATERIALS SECTION.

3. Conduit Supports (duct system): Shall be molded plastic with interlocking lugs and
skeletonized structure, minimum separation 3”.

4. Tags: Non-ferrous metal or fibre, 1/4” high letters.

5. Warning tape shall be yellow polyethylene 4 mil thick, 6” wide terratape, similar to REEF
Industries, Houston, Texas and shall be installed above all ductbanks both high and low
tension.

D. Duct System:
1. The duct system shall consist of Schedule 40 PVC conduit except where otherwise

specified. The size and number of conduits shall be as indicated on the drawings.
Provide a pull wire in each conduit.

2. The entire length between handholes and end of ductbank shall be excavated and
graded before any conduit is laid.

3. The ductbank shall be set on sand bed.

4, The conduit shall be installed so that top is a minimum of 36” below finished grade unless

otherwise indicated, and shall be laid to a minimum grade of 4” for each 100 feet of
length. Duct system shall drain to manholes/handholes.

5. Changes in direction shall be made by long sweep bends, minimum radius 25 feet except
that at the end of a run, within 10 feet of termination. Manufactured ends may be used
having a minimum radius of 36 inches.

6. Conduit base and intermediate spacers shall be installed a maximum of 5 feet on
centers. Spacers shall not be placed one above the other, but shall be staggered a
minimum of 6”.

7. All conduit joints shall be made watertight by means of a sealing compound before the
coupling is installed. Joints in conduit shall be staggered, minimum space between joints
in adjacent conduit shall be 6 inches.

8. When the required number of conduits has been installed, securely tie the assembly
together at distances not exceeding 7 feet. Tie shall consist of three (3) turns of No. 18
iron wire. Separate ties required for low tension and high tension conduit runs.
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2.23

9. Duct envelope shall be vibrated to eliminate voids.

10. Ductbanks shall not be covered until the conduit installation has been observed by the
utility company and Architect.

11.  Warning tape shall be installed during backfilling and shall be placed approximately 12”
above the conduits.

12.  After the installation is completed, each conduit shall be cleaned and identified. A
standard flexible mandrel and a stiff bristle brush shall be pulled through each conduit.
The mandrel shall not be less than 12” long and the diameter approximately 4" less than
the conduit.

VARIABLE FREQUENCY DRIVES

The variable frequency drives (VFD's) shall be solid state, with a Pulse Width Modulated (PWM)
output waveform (VVI, six-step, and current source drives are not acceptable). The VFD
package as specified herein shall be enclosed in a NEMA 1 enclosure, completely assembled
and tested by the manufacturer. The VFD shall employ a full wave rectifier (to prevent input line
notching), DC Line Reactor, capacitors, and Insulated Gate Bipolar Transistors (IGBT's) as the
output switching device (SCR's, GTO's and Darlington transistors are not acceptable). The
drive efficiency shall be 97% or better at full speed and full load. Fundamental power factor
shall be 0.98 at all speeds and loads.

Specifications at 480 volts:

1. Input VAC +/-10% (capable of operation to 550 VAC), 3 phase, 48-63Hz. Output 0 -
Input Voltage, 3 phase, 0 to 500 Hz for drives up to 75 HP; 0 to 120 Hz for drives over 75
HP. Operation above 60 Hz. shall require programming changes to prevent inadvertent
high speed operation. Environmental operating conditions: 0 to 40 C @ 3 kllz switching
frequency, 0 to 3300 feet above sea level, less than 95% humidity, non-condensing.
Units shall be UL, CUL and CA approved.

All VFD's shall have the following standard features:

1. All VFD's shall have the same customer interface, including digital display, keypad and
customer connections; regardless of horsepower rating. The keypad is to be used for
local control, for stepping through the displays and menus.

2. The VFD shall give the user the option of either (1) displaying a fault, (2) running at a
programmable preset speed, (3) hold the VFD speed based on the last reference revised,
or (4) cause a Warning to be issued, if the input reference (4-20mA or 2-10V) is lost; as
selected by the user. The VFD shall provide a programmable relay output for customer
use to indicate the loss of reference condition.

3. The VFED's shall utilize plain English digital display (code numbers and letters are not
acceptable). The digital display shall be a 40-character (2 line X 20 characters/line) LCD
display. The LCD shall be backlit to provide easy viewing in any angle. All set-up
parameters, indications, faults, warnings and other information must be displayed in
words to allow the user to understand what is being displayed without the use of a
manual or cross-reference table.

4. The VFD's shall utilize pre-programmed application macro's specifically designed to
facilitate start-up. The Application Macros shall provide one command to reprogram all
parameters and customer interfaces for a particular application to reduce programming
time.

5. The VFD shall have the ability to automatically restart after an overcurrent, overvoltage,
or loss of input signal protective trip. The number of restart attempts, trial time, and time
between reset attempts shall be programmable. If the time between reset attempts is
greater than zero, the time remaining until reset occurs shall count down on the display to
warn an operator that a restart will occur.
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10.
1.

12.

The VFD shall be capable of starting into a rotating load (forward or reverse) and
accelerate or decelerate to setpoint without safety tripping or component damage (flying
start).

The VFD shall be equipped with an automatic extended power loss ride-through circuit
which will utilize the inertia of the load to keep the drive powered. Minimum power loss
ride-through shall be one-cycle, based on full load and not inertia. Removing power from
the motor is not an acceptable method of increasing power loss ride-through.

The customer terminal strip shall be isolated from the line ground.

Prewired 3-position Hand-Off-Auto switch and speed potentiometer. When in "Hand", the
VFD will be started, and the speed will be controlled from the speed potentiometer.
When in "Off", the VFD will be stopped. When in "Auto", the VFD will start via an external
contact closure, and its speed will be controlled via an external speed reference.

The drive shall employ three current limit circuits to provide trip free operation:

The Slow Current Regulation limit circuit shall be adjustable to 125% (minimum) of the
VFD's variable torque current rating. This adjustment shall be made via the keypad, and
shall be displayed in actual amps, and not as percent of full load. The Rapid Current
Regulation limit shall be adjustable to 170% (minimum) of the VFD's variable torque
current rating. The Current Switch-off limit shall be fixed at 255% (minimum,
instantaneous) of the VFD's variable torque current rating. The overload rating of the
drive shall be 110% of its variable torque current rating for 1 minute every 10 minutes,
and 140% of its variable torque current rating for 2 seconds every 15 seconds, input line
fuses standard in the drive enclosure. VFD shall have a DC Line Reactor to reduce the
harmonics to the power line and to increase the fundamental power factor.

The VFD shall be optimized for a 4 kHz carrier frequency to reduce motor noise and
provide high system efficiency. The carrier frequency shall be adjustable by the start-up
engineer in ACH 501 units. The VFD shall have a manual speed potentiometer in
addition to using the keypad as a means of controlling speed manually.

D. All VFD's to have the following adjustments:

1.

2.

Five (5) programmable critical frequency lockout ranges to prevent the VFD from
continuously operating at an unstable speed.

PI Setpoint controller shall be standard in the drive, allowing a pressure or flow signal to
be connected to the VFD, using the microprocessor in the VFD for the closed loop
control.

Two (2) programmable analog inputs shall accept a current or voltage signal for speed
reference or for reference and actual (feedback) signals for PI controller. Analog inputs
shall include a filter; programmable from 0.01 to 10 seconds to remove any oscillation in
the input signal. The minimum and maximum values (gain and offset) shall be adjustable
within the range of 0-20 MA and 0-10 Volts. Additionally, the reference must be able to
be scaled so that maximum reference can represent a frequency less than 60 Hz, without
lowering the drive maximum frequency below 60 Hz.

Six (6) programmable digital inputs for maximum flexibility in interfacing with external
devices. One digital input is to be utilized as a customer safety connection point for fire,
freeze, and smoke interlocks (Enable). Upon remote, customer reset (reclosure of
interlock), drive is to resume normal operation.

E. The following operating information displays shall be standard on the VFD digital display. The
display shall be in complete English words (alpha-numeric codes are not acceptable):

Output Frequency

Motor Speed (RPM, % or Engineering units)
Motor Current

Calculated Motor Torque

Calculated Motor Power

DC Bus Voltage
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Output Voltage

Heatsink Temperature
Analog Input Values
Keypad Reference Values
Elapsed Time Meter

kWh meter
F. Speed Command Input shall be via:
1. Keypad.
2. Two Analog inputs, each capable of accepting a 0-20mA, 4-20mA, 0-10V, 2-10V signal.
Input shall be isolated form ground, and programmable via the keypad for different uses.
3. Floating point input shall accept a three-wire input from a Dwyer photohelic (or equivalent

type) instrument.

G.  Accessories to be furnished and mounted by the drive manufacturer.

1.

wn

Customer Interlock Terminal Strip-provide a separate terminal strip for connection of
freeze, fire, smoke contacts, and external start command. All external interlocks and
start/stop contacts shall remain fully functional whether the drive is in hand, Auto or
Bypass.

All wires to be individually numbered at both ends for ease of troubleshooting.

Door interlocked thermal magnetic circuit breaker which will disconnect all input power
from the drive and all internally mounted options. The disconnect handle shall be thru-
the-door type, and be padlockable in the "Off" position.

Manual transfer to line power via contactors. Include motor thermal overload and fuse or
circuit breaker protection while in bypass operation. A three position selector switch to
control the bypass contactor and the drive output contactor is to be mounted on the
enclosure door. When in the "Normal" mode, the bypass contactor is open and the drive
output contactor is closed. In the "Test" position both contactors are open, and in the
"Bypass" position, the drive output contactor is open, and the bypass contactor is closed.
The drive output contactor shall also open when a stop command is given, isolating the
motor from the drive. Start/stop signals and safety interlocks will work in drive and
bypass modes.

Pilot or LED’s lights shall be provided for indication of "Normal" operation, "Bypass"
operation, and "External Fault". All pilot lights shall be push-to-test type.

Service contactor (drive input contactor) which provides the ability to service the drive
(electrically isolate the drive while in bypass operation without having to remove power
from the motor). The service contactor shall open when the drive is switched to bypass,
and also be controlled by a switch which is mounted inside the drive enclosure so that its
access is limited to service personnel only.

A class 20 bimetallic thermal motor overload relay shall be provided to protect the motor
in bypass.

H. Compliance to IEEE - 519

1.

The VFD manufacturer shall provide calculations specified to this installation showing
that the Total harmonic Distortion for the VFD's, reflected into the electrical distribution
system is limited to the level defined by IEEE - 519 (latest edition) for general systems.
Harmonic analysis shall be included with VFD submittal for approval by the engineer.

The VFD manufacturer shall conduct on site harmonic measurements before and after
start up of the VFD's. Results of the measurements, showing harmonic contribution of
the VFD's, shall be provided to the engineer one month after start up.

Three phase A. C. input line reactors shall be provided as a minimum, with all VFD's.
The line reactors are to provide attenuation of line side voltage transients, thus
preventing overload trips or other unnecessary V.F.D. shutdown, and provide a reduction
in harmonic distortion.
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4. Line reactors shall meet the following requirement:
a. Minimum of 3% line impedance (external to drive).
b. 150% continuous current rating for one minute.
c. Saturation rating no less than 2.5 times the continuous current rating.
d. U.L. recognized.

2.24

General: Install variable frequency drives where indicated, in accordance with manufacturer's
published installation instructions, complying with recognized practices to ensure that variable
frequency drives comply with requirements and serve intended purposes.

Access: Provide access space around control panels for service as indicated, but in no case
less than that recommended by manufacturer.

Support: Install drive control panels on walls where indicated on drawings. Provide necessary
Unistrut and structural steel to provide adequate support as required by manufacturer.

Electrical Wiring: Install electrical devices furnished by manufacturer but not specified to be

factory-mounted. Furnish copy of manufacturer's wiring diagram submittal to Electrical Installer.

1. Verify that electrical wiring installation is in accordance with manufacturer's submittal and
installation requirements of Division 16 sections. Do not proceed with equipment start-up
until wiring installation is acceptable to equipment installer.

Start-Up

1. Certified factory start-up shall be provided for each drive by a factory authorized service
center. A certified start-up form shall be filled out for each drive with a copy provided to
the owner, and a copy kept on file at the manufacturer.

Adjusting and Cleaning:

1. Alignment: Check compatibility of control panel to motor and where necessary, adjust
frequency and provide necessary filters to assure noise free operation of motors. Verify
response from control panel to motor to assure turn down ratio specified and that static
pressure signals are being received and that drives are controlling as specified and within
recommended tolerances by manufacturer. Provide start-up report prepared by
manufacturer’s representative to assure operation is as specified.

2. Cleaning: Clean factory-finished surfaces. Repair any marred or scratched surfaces with
manufacturer's touch-up paint.
3. Acceptable Manufacturers:
Allen — Bradley
ABB
Siemens
Square D

LIGHTNING PREVENTOR SYSTEM

Provide all labor, material, equipment, and services to perform all operations required for the
complete installation and related work as specified herein and indicated on drawings for the
early Streamer Emission System.

Any such work included in any other section of these specifications that is not specifically
described therein shall comply with the requirements of this section.
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The following items of work are specifically included in, but not necessarily limited to, the work
of this section without limiting the generality implied by these specifications:

1. ESE lightning protection air terminal

2 Mast, complete with base and supports
3. Down conductors

4. Grounds

5 Surge Protective Devices

B. Submittals

1. Provide shop drawings showing location of ESE air terminal, mast conductors, installation
procedures and details. Detailed manufacturer's data sheets on all components,
accessories and miscellaneous equipment to be used in the installation shall also be
submitted.

2. One complete set of independent performance testing documents on the ESE air terminal
system shall be submitted to show compliance with the protection area of the unit
submitted for the installation.

C. Description of System
1. The ESE installer shall provide a complete installation of equipment to comprise a
complete system against damage by lightning. The ESE installer shall be responsible for
all material and labor to accomplish this result.
2. The system, including the ESE air terminal, conductors, mast and complementary parts,
shall be installed so that completed work is unobtrusive and does not detract from the
building appearance.

D. Codes, Regulations, Permits
1. The completed system shall comply with the ESE manufacturer’'s standard, equipment
supplier drawings and specification requirements for installation of ESE lightning
protection systems.

E. Standards of Quality

1. The ESE system equipment supplier, contractor, and installer shall install the ESE
system in compliance with the ESE Manufacturer’s Standard.
2. The ESE system and manufacturer’s guarantees and warranties shall be submitted to the

owner upon completion of the ESE system installation.

F. Service and Testing
1. Installation of equipment shall be done under the direct supervision of a manufacturer
and per the manufacturer’s requirements.
2. The lightning protection installing contractor shall provide photos and/or video of the

installation, including but not limited to, mast mounting, bonding connections (waterline &
structural steel), down conductors, ground rods/grids and all buried, concealed or
inaccessible connections and components. This information shall be forwarded to the
ESE manufacturer for evaluation, certification, archiving and documentation.

3. The ground resistance of the completed system shall be measured using IEEE "Fall of
Potential Method" in the presence of the Architect/Engineer and shall be forwarded to the
ESE manufacturer. Ground resistance shall be ten (10) Ohms or less.

G. ESE Air Terminal
1. The complete assembly shall consist of: 5/8” air terminal which is HD 29 CU and heavy
chrome plated 24 CH; lock nut and washer of chrome plated copper; support structure of
chrome plated soft copper; and sphere shall be threaded to air terminal. The base of the
ESE air terminal shall be threaded for interconnection to top of mast.
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H. Conductors

1.

2.

10.

l. Mast

Copper conductors shall be 28 strands of 14-gauge wire rope lay, with a net weight of
375 pounds per 1,000 feet (60mmz2), minimum.

The structural steel may be utilized as main conductor if the steel is electrically
continuous or is made so via other means. Every other column or an average of 60’-0”
(18m) intervals shall be bonded and connected to the ground system.

All conductors shall be secured every 3'-0" (900mm) maximum. Fasteners and clips
utilized shall be of equal corrosion resistance as the material being secured.

Bonding of all conductive material within 6’-0” (1800mm) of the conductor shall be
accomplished via secondary conductor no smaller than #6 (14mm2) copper.

Bare copper material shall not be installed on dissimilar metals.

Corrosion resistant copper or bronze equipment shall be utilized where these conditions
exist. Corrosion resistant copper conductors and fittings shall be utilized where corrosive
atmospheres are present.

Conductors shall be installed so that a conductor shall always have a horizontal or
downward path, free of "U" and "V” pockets, with the exception that an 8” (203mm)
maximum rise or a rise of 3" (80mm) maximum for every 12" (300mm) of conductor
length shall be permitted in a main conductor run.

Each ESE terminal shall have two (2) paths to ground from the base plate of the mast,
with the exception of an elevated mast that may have a single conductor run for a
maximum of 16’-0” (4880mm) before two (2) down conductors shall be initiated.

The electrical contractor shall furnish and install all necessary PVC conduit for concealed
down conductors.

No bend of a conductor shall be less than ninety (90) degrees and shall not have a radius
of bend of less than 8” (203mm). Exceptions are through roof and wall assemblies and
"T" connections.

Aluminum or galvanized steel mast, height to be determined by the area of protection,
with threaded connection for the ESE air terminal and bonding plate for cable connection.
Wind and safety factors shall be documented for the geographic area of installation, to
determine the size and structure of mast.

Base support, depending upon application, flat mounting base, side mounting base
and/or structural support, and/or flag- pole may be utilized.

J. Grounding System

1.

Ground rods shall be copperclad 3/4" (20mm) x 10" (3000mm), minimum. One set of
tripod grounds shall be installed for each down conductor [two (2) minimum per system;
refer to paragraph C, for structural steel used as down conductors, grounding
requirements]. Ground plates of high conductivity copper sheet, 20 gauge minimum, 18
in. sq. 460mmsq. [three (3) required per down conductor], may be used in lieu of or in
combination with ground rods to achieve the ten (10) ohm resistance grounding system
requirement. The cable attachments to the ground rods must be accomplished via
exothermic welds or mechanical clamp. Cable attachments to the ground plates shall be
via cast bronze bond plates of eight 8in2 (5161mm2) of contact area.

A ground loop may be substituted for the ground rods or ground plates. The ground loop
must be of a main size conductor and shall comply with the ten (10) Ohm resistance
requirement of the grounding system.

Ground rods, ground plates, and ground loop conductors shall be installed a minimum of
1ft. (300mm) below grade and a minimum of 2ft. (600mm) away from the foundation. All
grounding locations shall be as evenly spaced around the building perimeter as possible.

A minimum of one (1) inspection well, rated for the traffic of the installation area, shall be
installed for each down conductor or two (2) minimum per ground loop.
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2.25

5. Bonding of grounded systems shall be via main size conductors. The bonding shall be
accomplished to achieve equal potential of all grounds. All underground connections shall
be via exothermic welds, where possible.

Connectors, Fittings, Fasteners, and Hardware

1. Provide all connectors, fittings, fasteners, hardware, clamps, guards, lugs, exothermic
welds, etc., as required to connect, and install all parts of the system. All equipment shall
be fabricated from copper and/or bronze material

Installation-General

1. Installation shall be accomplished in a professional manner by an installer of verifiable
ESE system installation.

2. All work installed within the building shall be concealed.

3. All work installed in accessible locations shall be properly guarded and protected.

4. All material shall be installed in a manner to prevent electrolytic action under presence of
moisture.

5. All roof, wall or other building penetrations shall be made in a manner to prevent the

ingress of water or moisture. Roof penetrations shall be furnished and installed by the
roofing contractor.

6. PVC sleeves shall be provided where conductors pass through all floors; furnished and
installed by others.

Manufacturer
1. The Lightning Preventor System shall be manufactured by Lightning Preventor of

America, Inc., Model No. 2005 or approved equal(Protected Radius, 328 ft.), telephone
number 800 421-6141.

STANDBY ELECTRICAL SYSTEM

Provide one 400KW, 500KVA at .8 PF standby power rated diesel fueled generator set,
mounted in perfect alignment on an all welded, fabricated steel sub-base which shall allow for
attachment of all necessary engine and generator accessories.

Acceptable Manufacturers:

Kohler

Caterpillar
Onan/Cummings
Generac

Baldor

MTU Onsite Energy

Engine

Water cooled with unit-mounted radiator. Provide starter and all field wiring required by
manufacturer

Dry-type replaceable element air cleaners.
Full flow lube oil filters and bypass oil filter.
Twelve (12) volt starting motor, 12 volt, 3 ampere battery charging alternator.

Engine instrument panel to include ammeter, lube oil pressure gauge, lube oil temperature
gauge, water temperature gauge, and hour meter.

Engine-mounted safety control to provide alarm signals for engine shutdown in event of low oil
pressure, high coolant temperature, overspeed, over crank, and pre-alarms for high water
temperature and low oil pressure.
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Jacket water heater, 2000 watt, 120 or 208 volt, single phase or as recommended by generator
manufacturer.

C. Generator: 400KW, 500KVA, 277/480 volt, 3 phase, 4 wire, 60 Hz, 1800 RPM revolving field
type main generator with brushless exciter and permanent magnet.

Voltage regulation + 1% from no load to full load.
D. Cooling System: Unit mounted radiator with flange attached.

E. Starting System: 12 volt heavy duty lead acid storage battery, connected for 12 volt DC output.
Battery rack, cables, and connectors shall be provided.

Provide 10 amp battery charger fed from a 120 volt, single phase, 60 Hz service. Battery
charger to include high and low battery voltage alarm relays for derangement panel. Battery
charger shall meet NFPA 110 Standards.

F. Exhaust System: Furnish one Maxim M-51 3" critical silencer, 3" side inlet, and one 3" end
outlet complete with two (2) 3" companion flanges. Furnish one 3" x 18" flexible stainless steel
exhaust connector, flanged on one end, threaded nipple on opposite end. Generator shall meet
all applicable emission standards.

G. Vibration Isolators: Set of four (4) Korfund rubber type vibration isolators for installation
between steel base and concrete foundation.

H. Generator Control Panel:

1. To completely control operation of engine generator set. Panel to have automatic start
control, AC volt meter, AC ammeter, pointer type frequency meter, volt meter, ammeter
and selector switch. Alarm signals to indicate pre-low oil pressure, pre-high coolant
temperature, and alarm signals to shut down engine in event of a low oil pressure, high
coolant temperature, engine overspeed, or overcrank. Lights on face of panel to indicate
failure. Provide dry contacts for remote disarrangement signal & louvers. Locate remote
annunciator in administration area.

2. Terminal strip shall be included with alarms and prewarning devices prewired for remote
annunciator specified herein. Provide wiring between generator and remote annunciator
panel. Generator control switch shall be mounted on control panel face. A flashing light
for selector switch "OFF" shall be included.

3. Provide molded case line circuit breakers mounted on generator in oversized terminal
box.

l. Automatic Transfer Switches:
1. Provide automatic transfer switches as shown on drawings for operation on 277/480
volts, 3 phase, 4 wire operation. Units to be housed in a NEMA 1 enclosure and shall be
4 pole. Transfer switches over 400 amperes shall have an AIC rating of 65,000 ARMS.

Transfer switches 400 amperes or less shall be rated for 42,000 ARMS and fed from a
current limiting  breaker on the normal side.

Entire switch shall be listed under UL 1008.
Acceptable Manufacturers:

Russ Electric

ASCO

Kohler
2. Unit shall be provided with standard accessories as follows.
a. Voltage and Frequency Sensing:
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3. Close differential voltage sensing on all phases of normal pickup adjustable 85-100%.
Dropout 75-98%

4. Voltage sensing of emergency source. Adjustable pickup 85-100%.
5. Frequency sensing of emergency source. Adjustable pickup 90-100%.
a. Time Delays:
6. Time delay to override momentary normal source outages. Adjustable 0.5 to 6 seconds.
7. Retransfer to normal with 5 minute cooldown timer.
a. Engine Control:
8. Contact to close when normal source fails.
9. Contact to open when normal source fails.
10.  Test switch to simulate normal source failure.
a. Indicators: Pilot lights to indicate switch in normal position or emergency position.
b. Auxiliary Contacts: Two (2) to close on normal. Two (2) to close on emergency.

11.  Optional Accessories:

a. Plant exerciser.

b. Option 27 — In-phase monitor (Motor Load Transfer). (ATS-OS)

C. Option 6A — Manual transfer to normal source.

d. Number 31A — elevator control transfer module. A load control circuit consists of
two (2) sets of single pole, double throw contacts that operate 3 seconds before
transfer in either direction. Contacts rated 3 amperes, 208 volts AC or 10
amperes, 32 VDC, for signal to elevator of generator power available. Provide 2
#14AWG conductors in 3/4” conduit, interlock wiring to each elevator controller
from each switch controlling elevator power.

J. Remote Annunciator Panel: A flush mounted panel shall include a visual signal that battery

charger is functioning properly and both audible and visual signals. Annunciator shall meet
NFPA 110 Standards.

Audible signal shall have a silencing switch. A lamp test button shall be provided.

K. Factory Testing: A certified factory test to be conducted at 1.0 power factor. Test for four (4)
hours, one hour each at 25%, 50%, 75% and 100% load. Take standard readings and submit
test reports for approval prior to shipment. Also, perform a field test with load bank at same
ratings for 2 hours, in addition to the 2 hour load test specified below.

L. Miscellaneous: Necessary lube oil and anti-freeze.

M. Equipment Testing and Instruction Manual and Drawings:
1. Operating instructions and maintenance manuals shall contain the following information:

Operating Instructions
Replacement Parts
Wiring Diagram

Maintenance

2. The entire emergency system shall be field test operated for two (2) hours. A normal
power failure shall be simulated. The engine generator unit shall automatically start,
come up to speed, and assume full emergency load. Entire building shall be in operation

during test.

3. Custodians of the equipment shall be present during test. At that time they shall be
instructed in operation and maintenance.

4. Upon completion of tests, written reports containing results shall be submitted. Test

reports shall contain readings taken at 30 minute intervals along with all other pertinent
test information.

Ambient Temperature
Oil Pressure
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2.26

Battery Charge Rate
AC Volts

AC Amperes All Phases
Frequency

Kilowatts

Power Factor

Coordination of Trades:
1. The following equipment shall be furnished by Electrical Contractor but shall be installed
under other sections.
a. Anchor bolts to be installed by General Contractor based on approved shop
drawings.

Generator Outdoor Housing

1. The engine generating set shall be factory installed in a weatherproof outdoor housing.
The housing shall provide year round generating set protection against adverse weather
and environmental conditions. The enclosure shall be sound attenuated and meet
Federal Specifications.

2. The weatherproof shelter shall be constructed or welded and bolted of reinforced
aluminum, 14 gauge walls and 14 gauge floor plate. All metal parts shall be prime coated
and finished painted.

3. The shelter assembly shall have shuttered air openings on front and sides with mesh
screens covering side shutters. The air shutters shall be opened by four 22 volt AC
motors when the generating set operates. Motors shall be spring loaded to close
shutters when set stops.

4. Hinged double doors on each side and one door in rear of the shelter shall allow easy
access to engine generator and controls. All door handles shall be key lock design.
5. Vibration isolators of the open coil spring type, selected for 3 inch (76mm) static

deflection, shall be furnished and installed. The number of isolators shall be as
recommended by the generator set manufacturer, and complete details shall be included
in the Submittals. Anchor bolts, nuts and sleeves shall be supplied with recommended
Foundation Plan.

6. Provide an integral 2,000 gallon base mounted tank, double wall containment with
alarms. Include conduit entry provisions for tank. Tank shall be supplied in accordance
with the state Fuel Storage Codes for above ground diesel fuel tanks. Provide 500
gallons of diesel.

7. The weatherproof ho